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ELEMENTARY 


LECTURES ON ELECTRICITY, 


Ik introduciag these lectiires to the Members of 
the Royal Victoria Gallery, as they are intended for 
instruction rather than <^lay, it will be necessary 
to avoid, as much as possible, all those phrases and 
technicalities which not only puzzle, but absolutely 
mislead, even those who have, in their own esti- 
mation, much higher pretensions to a knowledge of 
such fashionable appendages to scientific literature, than 
the persons for wnose instruction these lectures are 
intended ; and to whom, therefore, I shall address my- 
self with freedom, and in the plainest language that 
the present state of these subjects appear to me to 
be capable of admitting. I do not, however, wish to 
enter into any engagement that would limit my labours 
to the humble task of a mere detail and exhibi- 
tion of facts, without linking them together in some 
theoretical syst^ or systems of physical laws ; because 
one of my objects is to trace to the same operations of 
nature, those facts, and those only, wliich are easily, and 
not otherwise, explained, by that code of laws which go- 
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verns the display of one peculiar class of phenomena : 
and not to encumber any theoretical system with those 
phenomena to which they do not appear to belong ; but 
to explain each class of phenomena by its own peculiar 
code of laws ; or if you please, by its own peculiar the- 
ory. Hence it is that, 1 shall be expected to be explicit 
on every point on which I touch, both experimental and 
theoretical, and either undertake to explain ^all those 
experimental facts which I may consider necessary to 
bring forward, or candidly acknowledge that they are 
inexplicable upon the theoretical principles which I ad- 
vance. 

It will here be necessary to enter into certain condi- 
tions with my readers, respecting some of those theore- 
tical points, which to many phdosophers, even of the 
present day, appear to be somewhat doubtful : though I 
believe the opinions of many others are favourable to 
those theoretical views by which I propose to be g^ded. 

I wish to be understood then, before I proceed any 
farther, that, besides those recognised portions of matter 
which appear to be the principal part of the materials 
which constitute the earth and its atmosphere, such as 
the various kinds of solids and fluids which usually re- 
ceive these general appellations, there are, at least, three 
others, whose reciprocal actions on each other, and 
whose peculiar operations on the former classes of bo- 
dies, are productive of the most surprising, and, in our 
present state of physical knowledge, Uie most interesting 
phenomena that nature has revealed to man. These are 
the thctric matter ; — the magnetic matter ; — and the ca- 
lor^c matter ; each of whi& 1 shall consider as a dis* 
dnot element, possessing peculiarities of force and modes 
of aerion, and exhibiting phenommia which no othei 
kind of matter has the power of displaying. Thej, 
however, operate on one another in a very remarkable 
manner, by their peculiar redprocal excitations, and aw 
thus productive of phenomena whiclf have led some phi* 
losophers to the belief of their complete identity. 

The fineness and subtilty of the electric f the magnetic 
and the ealorijio particles, lead us to infer that they in 
sinuate themselves into the pores of all other kmi^ c 
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terreatrial matter ; and their inactivity, when unmolested 
in these their natural habitations, is obviously a conse- 
quence of the equilibrium of their respective forces 
when in an undisturbed state. So long, therefore, as 
these natural equilibriums remain unmolested, all of 
these material agents are perfectly inactive,* and exhibit 
no phenomenon whatever. Hence it is, ^at some ex- 
citing p^ess becomes absolutely necessary before any 
of their respective phenomena can be produced. The 
processes of excitation which may be employed for 
bringing these agencies into a state of activity are ex- 
ceedingly various, as I shall have occasion to show in 
many parts of these lectures ; but, for the present, it will 
be sufficient that I describe one simple mode only, ol‘ 
exciting each individual agent, by means of which cer- 
tain phenomena, of each class, may very eiasily be 
brought into existence. 

If you take a stick of sealing-wax, and, without any 
preparation, present it to any very light u^cle, such as 
small feathers, bits of thin paper, &c., placed either 
on a table, book, dish, &c., you will not per- 
ceive any action whatever exercised by the wax on these 
light bodies. In this case you may easily imagine, that 
there is a complete electrical equilibrium in the body 
and on the surface of the sealing-wax; and also in the 
light articles to which it was presented : and that it is 
in consequence of this equilibrium that the electric mat- 
ter is perfectly inert, and will not act upon the light 
bodies which you had prepared. 1 wish it to be under- 
stood, however, that, dthough the electric forces of the 
wax had not a sufficient degree of intensity to cause a 
disturbance in the light bodies, it is still possible, that 
there might not be an absolute uniformity in the ffistri- 
bution of the electric matter, either on the wax or on 
the other bodies. 

* 1 aa aware tba{^ to the mathematieiao, the term inactive 
may appear to convey a donbtfnl meaning; because forcen 
houUng one another in eqnflibrio do so by means of their acti- 
cAfp, though perfectly inactive on other ferces, and on surround- 
ing matter. It is the maetivity on sorrousdiiig matter that is 
hm to be understood. 
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Now warm the stick of seafing-wax, taking care not to 
heat it too much ; and then rub It on the sleeve of your 
coat. 

By this simple process you have disturbed the previous 
electric equilibrium of the sealing-wax, and caused the 
electric forces to become sufficiently active to produce 
motion in the light bodies to which you now may pre- 
sent the stick. They will rise up and ding tOrthe wax, 
often changing their positions on its surface, and some- 
times they will be suddenly thrown off again to a neigh- 
bearing body, to which they will attach filemselves for a 
short time, and again jump back to the sealing-wax ; 
again leave it, and again return ; and so on for several 
times before the action ceases. These motions of the 
light bodies are electric phenomena ; and may be re- 
peated many times by renewing the activity of the electric 
forces : by again rubbing the dry and warm sealing-wax 
on the sleeve of your coat. 

If you prefer a piece of dry woollen doth to the sleeve 
of your coat, you may rub the sealing-wax against it with 
the same effect. Or you may use a piece of dry and 
warm flannel to rub your wax against ; or the for side 
of a hare-skin, or a nibbit-skin, which is, perhws, better 
than any of the previously named substances. But what- 
ever you may choose to rub the sealing-wax with, let me 
advise you to have it tram and dry, because much of 
ytmt success in the experiment will depend on those con- 
ditions of both the ribbing substance and the sealing- 
wax. 

It wfll now be proper to inform you foat the motions 
which the light boffies make towards the sealing-wax are 
considered to be the effect of an electrical attractum^ 
exerted between them and the wax ; and their motions 
yWmi the wax are considered to be due to an electrical attrac* 
tion exerted between them and the body to which they 
fly, and for a while attach themselves.. Beside the flnrce 
of electrieal attraction, there is also a force of dectrical 
repidsion, which play^ a certain part in these motions, 
aro to which 1 shall solidt your attention more particu- 
larly in due conrae as we proceed. 

There are many other bodies which exbMi this dass 
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of electrical phenomena, by treating them in the manner 
1 have described for sealing-wax. Such is*the case witli 
amber, sulphur, &c. If you use a glass tube for the ex- 
hibition of these electrical phenomena, it will also require 
to be warm and diy, not only on the outer surface, but 
on the inner surface also ; and the rubbing substance 
may be soft silk, or other flexible matter. A piece of 
old black silk answers as well as any thing. The rubbing 
process* in all these cases, whatever may be the nature 
of the articles employed, is called excitation. 

When your sealing-wax, or glass tube, is well excited, 
and held at a short distance above the light bodies, the 
latter may be made to produce rapid motions to and fro, 
and dance on the table as if animated, by the active 
electric forces to which they are exposed. If you place 
your light bodies on a pewter or a silver plate, or on any 
metallic flat surface, their dancing motions will be more 
lively than when placed on any other kind of materia) ; 
and if you touch the metallic plate witli one of your 
Angers, the activity of the motions will be considerably 
improved. 

I will now solicit your attention to a simple mode of 
producing magnetic phenomena, which 1 consider to 
emanate from the energies of an agent perfectly distinct 
from the electric. You must allow me to suppose that 
you are already acquainted witli an instrument called the 
magnetic needle : it is sometimes called the compass 
needle ; and when supported on a flnely-pointed pivot, 
so as to rest on a horizontal plane, one of its ends, in 
these latitudes, points towards the north, inclining a little 
towards the west of that point; and its other extremity, 
consequently, points a little to the east of the true south.* 
In many other parts on the earth’s surface, the direction 
in which the magnetic needle places itself when at rest, 
relatively to the geographical meridian, is very diflerent 
to that in which it reposes in this country. But in every 
part of the world*it is subject to certain influences which 
are capable of communicating to it peculiar motions, and 

* The mean magnetic variation at Greenwich Observatory, 
for March, 1842, was 23^ 10’ 39** west. Mean dip of the needle, 
29*33*. 

b2 
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plieiog it 8ted&8t]j in other poeitions than those which 
It assumes when no such local influences are present. 

If, after the magnetic needle has come to rest, you 
were to turn it on its |HTot with your finger, so as to 
point to some other quarter of the world, and then take 
your finger away from it, the needle would commence a 
series of movements which would terminate by its settling 
again in its former position ; showing that, by the opera- 
tion of some hidden force or agency, the needle had 
a greater tendency to repose in one direction than in 
another ; which, in England, and in many other countries, 
is more near to the meridian than to a line placed east 
and west, or to a circle of latitude at that place. With 
respect to the cause of this peculiar tendency of the 
needle to place itself in a north and south direction, I 
can only say, in this place, that it is so completely under 
the control of the magnetic forces of the e^th, that they 
alone are supposed to constrain it to assume that parti- 
cular direction ; but why the earth is magnetic, and why 
its magnetic forces should be so situated as to operate on 
the needle in that peculiar manner, are matters which 
philosophers have not yet determined. There are, how- 
ever, certain laws of magnetic action which are well 
known, and which 1 will explain in a future lecture, my 
object, at present, being that of showing the simplest 
and most easily produced specimens of the three grand 
classes of phenomena which are so eminently conspi- 
cuous in nature, and so easily distinguished from each 
other. 

Perhaps the simplest process for bringing the calorific 
matter from a state of inactive repose to a state of such 
activity as to produce ignition and fire, would be that of 
striking flint against hardened steel, and thus igniting 
detached particles of the metal, which, in their turn, 
would ignite gunpowder, tinder, &c. In this case the 
calorific matter, which, previous to the collision of the 
flint and steel, was perfectly inactive, 'has, by the opera- 
tion, become suddenly compressed into a smaller com- 
pass than that which it previously occupied, and become 
active fire in the condensed state it is ma^ to aaanine 
by tile blow that is given to it by the flint and the steel. 
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The blacksmith makes a nail red hot, by giving to U a 
a few smart blows with a hammer ; and the Indian ob- 
tains his fire by rubbing two blocks of wood against eacli 
other. These, and many other mechanical processes, 
are productive of fire, by calling into action the calorific 
matter which, previously, was so perfectly inert as to be 
incapable of igniting ^e most inflammable substance. 
In some chemical compounds this latent calorific matter 
is so susceptible of activity by mechanical operations, 
that it requires extreme caution to prevent their ignition, 
even during the necessary processes of preparing them, 
and transferring diem from one vessel to another.* 

In the course of these lectures I shall have occasion 
to show that an active portion of the electric matter has 
the power of disturbing an inactive portion, and thus 
causing it to become active also. Active portions of the 
electric matter will also disturb other active portions of 
it, and become productive of very interesting pheno- 
mena. Active magnetic matter is also productive of its 
own class of phenomena, by the operation of its peculiar 
forces on other portions of matter of its own kind : such, 
also, is the case with the calorific matter ; for one por- 
tion will disturb another portion, and thus become the 
exciting cause for the display of other calorific pheno- 
mena. Moreover, these distinct kinds of matter have 
the power of reciprocally operating on one another, in 
such a manner as to become the exciting agents for the 
display of each others phenomena. Hence it is that, 
we employ the terms el^tro^agaetim^ — magnetic* elec-^ 
tricUy^ — thermo*eleciricity, &c., the adjective in each 
expression implying the exciting agent, and the noun 
the character of the phenomena product. I shaU also 
have to employ the terms gahanic^leciricity and voltaic- 
electricity : all of which terms I shall endeavour to ex- 
plain in their places as I proceed. 


* Some fatal aeeldents bare lately oecuned in London by 
the tremendous explosioas of large quantities of the composi- 
tion fbr fining perensakm caps. 
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LECTURE II. 

Haviko in the first lecture given specimens of the 
electric, the magnetic, and the calorific classes of phe- 
nomena, I will now proceed to offer to your notice a 
few other preliminaries which will be necessary to be 
understood before we can enter very far into the illus- 
tration of electricity. In the first place, thefi, I must 
present to your notice a very well established fact res- 
pecting a property of atmospheric air, which is applicable 
to all the gases, and also to the electric matter. When the 
air within the receiver of an air-pump has become 
attenuated by tlie action of the pump, it still occupies 
the whole capacity of the receiver, and does not settle, 
as water would do, into the lower part of the receiver, 
so as to occupy that part only. Let us, for example, 
suppose that the receiver originally contained a quantity 
of air, which we will call 100. If, now, by the action 
of the pump, 30 parts were to be withdrawn, the receiver 
W'ould retain the other 50 parts only, or just one-half of 
the original quantity. But these 50 remaining parts of 
the air would still occupy the whole capacity of the re- 
ceiver, Suppose, now, that the pump is again set to 
work, and it withdraws from the receiver just one-half 
of the 60 parts that were left by the first operation ; it is 
easy to understand that, since the half of the 50 parts 
has left the receiver, there can be only 25 parts re- 
maining. But these 25 parts, which are only a quarter 
of tlie original quantity, do not subsist in their original 
dimensions, and so occupy one quarter only of the 
receiver ; nor do they subsist in one-half of the capacity 
of the receiver, in their dimensions previous to the last 
operation of the pump ; but absolutely fill the whole 
capacity of the receiver as decidedly as the 100 original 
parts Med it. And in the same manner the whole ca- 
pacity of the receiver would be occujAed by any remain- 
ing portion of air, even after that portion h^ become 
too small for the pump to effect it any longer. Now, in 
all these cases, it is obvious that the air has ejq>anded 
by virtue of some inherent power with which it is na- 
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tarally endued, fhia power is usually called repulmn : 
and it is admitted by all philosophers that the particles 
of air have a natural inherent repulsive force, by means 
of which they are continually endeavouring to recede 
from one another. Hence it is that air becomes expan- 
sible to an amasing degree, and any portion of it may be 
made to occupy a space immensely greater than that 
which it occupies naturally at the surface of the isarth. 

On the other hand, any portion of the air at the 
earth’s surfEu^ may be condensed into a smaller and 
smaller compass than that which it naturally occupies. 
If, for instance, an inverted glass tumbler were to be 
held just over the surface of the water contained in a 
glass jar, it would contain a certain quantity of air, 
which would occupy the whole capacity of the tumbler ; 
but if this tumbler vrith its contained air, were to be 
pressed down into the water, the air would no longer 
occupy the whole capacity, but would be compressed 
into a less space, and a portion of water would enter the 
lower part of the invert^ vessel : and the deeper in the 
water the confined air was taken, the less space would it 
occupy. This is a very decisive experiment, and the 
simplest I can think of for showing the compressibility of 
air. A small piece of cork may be placed on the sur- 
face of the water beneath the tumbler, which will always 
indicate the height to which the water ascends in- 
side, at different depths, and consequently show the 
space occupied by the air. Having now become ac- 
quainted with thm two facts, the expansibility and the 
condensibility of air, we learn that air has the quality of 
being elastic. But it must not be forgotten that this 
quality of elasticity which air possesses is a mere conse- 
quence of the natural inherent repulsion of its particles. 

By keeping in view the consequences of the attribute 
of repulsion which air possesses, whilst contemplating 
electrical phenomena, we shall be enabled to account for 
a great variety of facts which would otherwise appear in- 
explicable. The electric matter, or, the electric fiuid, as 
it is more frequently called, is much more highly elastic 
than common air, and therefore can be condensed and 
attenuated, by employing proper means, to a very great 
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extent ; but its motions, when in the* act of expanding, 
are performed with such an immense degree of activity 
that, although several philosophers have attempted to 
ascertain its velocity, their efforts have hitherto been 
unavailing : and its force, under some circumstances is 
beyond all calculation. 

Besides the quality of elasticity in common with air, 
and dther kinds of gaseous matter, the electric fluid 
possesses others peculiar to itself. Its activity is supe- 
rior to that of any other known kind of matter ; it en- 
ters into the pores of the most compact solids, and is to 
be found in every kind of tangible matter. It constitutes 
a portion of the atmosphere, and frequently accumulates 
to an amazing extent in the clouds, gradually increasing 
in density, till its elasticity becomes sufficiently great to 
enable it to burst from its aerial prison in a compact 
form, and exhibit itself in all the majesty and splendour 
of lightning. 

It is a remarkable fact that the motions of the electric 
fluid are much more facilitated by some classes of bodies 
than by others. The metals are considered to facilitate the 
progress of the electric fluid to a greater extent than 
any other class of bodies whatever •, but the metals them- 
selves, as individual bodies, vary very considerably in 
the degree of facility which they respectively offer to the 
motions of the electric fluid : copper offering the greatest 
facility of any known body, and lead, or iron, perhaps, 
the least of any of the metals. But it would be im- 
possible, in the present condition of the science, to give a 
correct table of the various degrees of facility which 
different bodies offer to the motions of the electric fluid : 
for, although much has been attempted to be done, and 
much more pretended to have been done, in determining 
so important a particular in electricity, it is lamentable 
in the extreme to have to acknowledge that but very 
little has absolutely been accomplished in this interesting 
inquiry. ® 

Those bodies which offer comparatively great facilities 
for the motion of the electric fluid, are usually called 
ccmdiictors; and those which offer the least facility, 
being supposed to present an absolute resistance to the 
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motions of the fluid, and in some cases to arrest tliem 
altogether, have been called non-conductors. Now, as 
the terms conductors and wn-conductors of electricity, 
are well known from their long use, and as I am not 
disposed to attempt to supplant, by others, any familiar 
technicalities, such as these, which have been of consi- 
derable benefit in the promotion of the science, I can 
find no objection to place before my readers the follow- 
ing tables of what has been considered conductors and 
non-conductors of electricity, which I find in Mr. Sin- 
ger’s excellent “ Elements of Electricity — 


CONDUCTORS. 

All the known metals, 

Well burnt charcoal, 
Plumbago, 

Concentrated acids, 
Powdered charcoal. 

Diluted acids and saline 
fluids. 

Metallic ores, 

Animal fluids, 

Sea water, 

Spring water, 

River water. 

Ice and snow. 

Living vegetables, 

Flame, 

Smoke, 

Steam, 

Most saline substances, 
Rarified air. 

Vapour of alcohol and aether. 
Most earths and stones. 


NON-CONDUCTORS. 

Shell-lac, amber, resins. 
Sulphur, wax, jet, 

Glass, and all vitrifications ; 
talc. 

The diamond, and all trans- 
parent gems. 

Raw silk, bleiiched silk, dyed 
silk, 

Wool, hair, feathers, 

Dry paper, parchment, and 
leather, 

Air, and all dry gases, 

Baked wood, dry vegetable 
substances. 

Porcelain, dry marble. 

Some silicious and argilla- 
ceous stones, 

Camphor, elastic gum, lyco- 
podium, 

: Native carbonate of barytes. 
Dry chalk, lime, phosphorus, 
Ice at — 13® of Fah., 


Many transparent crystals, 
when perfectly dry. 

The ashes of animal and 


vegetable substances. 

Oils (the heaviest appear the 
best), 

Dry metallic oxides. 
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Mr. Stephen Gray, a peneioner of the Charter Houee, 
was the first person who discovered the conducting power 
of metals, and to ascertain the great difference, in this 
respect, between a metallic wire and a eord of hemp or 
silk. This discovery was made on the Srd of July, 
1729; it was perfidy aoddental, and occurred from 
the circumstance of substituting a metallic wire for die 
suspension of an electrized body, in lieu of a silken cord 
which had broken. Dr. Priesdey, at the suggestion of 
Dr. Franklin, seems to have been the first philosopher 
who undertook a series of experiments, for the purpose 
of ascertaining the different degrees of conducting power 
possessed by different bodies. Several other philoso- 
phers have also paid considerable attention to this sub- 
ject, though, as I have before stated, litde more has 
been accomplished than the ascertaining of a few general 
facts; for there still remains much difference in the 
tables given by different authors. The following table 
is taken from Gavallo’s Complete Treatise of iSectri- 
city,” second edition, published in 1782 : — 


CONDUCTORS. 

Gold, 

Silver, 

Copper, 

Brass, 

Iron, 

Tin, 

Quicksilver, 

Lead, 

Semi-metals, 

Animal and vegetable char- 
coal, 

The fluids of the human body 
All fluids, excepting air ai^ 
oils, 

The effluviaofflaming’bodies 
Ice,* 


NON-CONDUCTORS. 

Glass, and all vitrifications, 
even those of metals. 

All precious stones : the 
most transparent the best, 
All resins and resinous 
compounds. 

Amber, 

Sulphur, 

Baked Wood, 

All bituminous substances, 
Wax, 

Silk, 

Cotton, 

All diy animal substances, 
as fi^athers, wool, hair, 
Ac., 


* Aceording to Adiard, lee eo&diieto the eleettk fluid whUit 
itremaiiis above a eotaln tempemture, but is not a eonductor 
bdiow that l e mp trat u re. 
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CONBUCTORB. NON-CONBUCTORB. 


Snow, Pai^r, 

Most saline substances, the| White sugar, 
best being metallic salts, Sugar candy, 

Soft stoney substances, ‘ Air, 

Smoke, Oils, 

The yapoors oi hot water. Calces of metals, 

Highly s^tenuated air. The ashes of animal and 

vegetable substances, 

All diy vegetable substances, 
All hard stones, the hardest 
the best. 


Professor Gumming, in his translation of Demon- 
ferrand*s “ Manual of Electro-Dynamics,” gives the 
following table of the conducting powers of metals : — 


Silver, 

Copper, 

Lead, 

Gold. 

Brass, zinc, 


Tin, 

^PlaBna, 

Palladium, 

Iron.* 


It would be useless to give any more tables of the 
conducting and non-conducting powers of different kinds 
of matter, as there are no two that agree in every parti- 
cular. For my own part, 1 am of an opinion that all 
bodies are conductors more or less, metals being the 
best class of conductors, and vitrious and resinous 
substances being about the worst. Much, however, will 
depend upon the extent of the electric force employed, 
and much again upon the space over which that force 
has to operate. 

When any body in a state of electrization is supported 
on a non-conductor, as by a glass stem, or suspe^edby 
silk or other non-conductor, it is said to be insulated. 
There are many other technicalities which 1 shall have 
to notice as 1 proceed, but it will not be necessary in 
this place to mtilroduce any more than those alr^y 
mentioned. 


* Is aU these tables, ^ose bodies which are first in the list 
are considered the best of ttieir kind, and take preeedenee of all 
ffiooe bdow thenu 
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The motions of light bodies by the action of sealing- 
wax, glass, &c., alre^y noticed in the last lecture, are 
phenomena of a highly interesting character, and are a 
portion of those which must necessarily be regarded as 
of an elementary character, independently of a know- 
ledge of which, no plausible hypothesis of electricity 
could possibly be formed : on which account it will be 
necessary to recur to them again, and to point />ut other 
experiments from which similar results may be obtained. 
But it must not be expected that because the results, 
by various modes of experimenting, are similar or of 
precisely the same character, that they should be of 
precisely the same extent, or degree of power. The 
light emanating from two burning candles of different 
dimensions, may be, and generally is, of precisely the 
same character, but the intensity of the light, from the 
two sources may be very different : or, we may say, the 
quantity of light proceeding from one of the candles is 
very different to the quantity of light proceeding from 
the other. If similar reasoning be applied to the display 
of electrical phenomena, we may easily understand that, 
notwithstanding the identity of the character of the 
motions produceable from different sources of electric 
action, the quantity, or intensity, of those motions may 
be very different. And as some sources are sufficiently 
vigorous to put into motion bodies of a considerable 
magnitude, and others so exceedingly feeble as to require 
the employment of the most delicate apparatus for their 
detection, it will be necessary, before proceeding to other 
experiments, to describe such instruments or pieces of 
apparatus as may be wanted for carrying on those expe- 
riments with which we ought to be made familiar as 
soon as possible. 

The instruments which are usually employed for the 
detection of feeble electric action, are caUed eleciroscopeSf 
of which we have several forms. Th^ simplest electro- 
scope, and one which may be frequently employed, is 
merely a single fibre of flax, silk, or any other such 
flexible article as will bend to slight electric forces. The 
flbre may be supported in any manner you please, so 
that it be permit^ to hang freely in a vertical direction. 
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Fig, 1 is an electroscope of this kindi 
where the fibre f is supported by, and 
hangs freely from, the brass stem s. 

Having rubbed a stick of seajing-wax 
against the sleeve of your coat, present 
it to the lower end of the suspended fibre, 
and you will see that it bends towards 
the sealing-wax ; and if you bring them 
sufficiently near to each other, the fibre 
will adhere to the wax for some considerable time. In 
this experiment you have an electric attraction exhibited 
as decidedly as by the motions of the pieces of paper in the 
former experiments : but if the fibre be not very dry and 
warm, you have not that jumping to and fro, as with 
the pieces of paper, for the fibre of the electroscope 
clings to the wax without leaving it, till the electric force 
is so far exhausted as to be no longer able to hold the 
fibre to the surface of the wax. The action will, in 
many instances, continue a long time, and by paying at- 
tention you will observe the fibre to change places on 
the surface of the wax, and this very frequently, if you 
accomodate the wax to the motions of the fibre, by mov- 
ing the former so as to facilitate the motions of the lat- 
ter. If, however, the fibre be very dry and somewhat 
warm, it will sometimes recede from the surface of the 
wax, in the same manner as the pieces of paper, and will 
lean towards the stem s, if very near to it, and even 
strike against it ; and ailer remaining attached to it a 
short time, will again return to the wax, and repeat 
these motions several times, till the electric force is too 
far exhausted to produce them any longer. 

1 will not detain you, in this place, with an explana- 
tion of the cause of the electroscopic fibre continuing to 
be attached to the surface of the excited wax under some 
circumstances, and not under others ; because 1 am de- 
sirous of first making you acquainted with the structure 
and method of using another simple electroscope, which 
will exhibit the principles upon which they are founded 
in better perfection, than by that ma^ of a single 
fibre. 


Fig. 1. 
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Fig. 2 will repretent the form of 2* 

a very simple electroscope which 
may be used to great advantage in 
some electric inquiries. Itconsistsof 
a glass stem fixed in a wooden foot, 
and a projecting horizontal brass 
wire arm, terminated with a small 
brass ball. When the foot of this in- 
strument is made of nicely turned 
and well polished mahogany, and 
the brass arm and its ball well polished and lacquered, the 
instrument assumes a very pretty appearance. Over the 
farther end of the horizontal arm is hung a flaxen fibre, to 
each end of which is attached a very small ball of the pith of 
the elder. As the glass stem of this instrument is a non- 
conductor, it is incapable of carrying off any of the electric 
action of the horizontal arm, or of the fibres and their balls ; 
and as the atmospheric air is also a non-conductor, all 
that part of the instrument which is supported by the 
glass stem is insulated. As, however, glass has a great 
tendency to collect moisture on its suiface, the stem of 
this instrument must be kept warm, and occasionally 
wiped with dry cloth, to preserve insulation as far as pos- 
sible. If the surface of the glass be covered with a good 
coating of lac-vamish, the insulation may be maintained 
for a long time without much trouble. 

Let us now again excite the stick of sealing wax, 
and afterwards pr^ent it to the upper side of the hori- 
zontal arm of the electroscope, Fig. 3. 

Fig. 2. The pith balls will di- 
verge from each other, as re- 
presented in Fig. 3, b^ore the 
wax comes into contact with 
the metallic arm. But if the 
wax be withdrawn without touch- 
ing the metallic arm, the balls 
wfil again collapse, and show 
no electric action. 

Excite the wax again, and brinj^ 
the arm of the electroscope, drawing its surftce over the 
arm. The pith balls wiU ^verge as before, and will re- 
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main divergent, even when the wax ig withdrawn. And 
if the room in which the experiment is made, be dry and 
warm, and the air perfectly still, the balls will remain 
divergent for a long time : even several hours. But in 
all cases the divergency will gradually lessen from the 
first moment that the excited sealing wax is withdrawn 
from the electroscope, and, eventually, the divergency 
entirely disappears. Precisely the same kind of phe- 
nomena dre displayed by the application of any excited 
body whatever, provided its electric forces be suffi- 
ciently powerful. 

Hence you may employ excited glass, amber, sulphur, 
paper, &c., in your experiments with this instrument, 
and the pith balls will diverge with each excited body. 
Dry writing paper rubbed with indian-rubber, becomes 
highly electric ; and so does coarse brown paper, when 
drawn quickly between the coat sleeve and a woollen 
table cloth ; or between the coat sleeve and the trousers. 
When the paper is made pretty warm before the friction 
is given to it, and the knuckle presented afterwards to 
its surface, a crackling noise will be heard, and some- 
times sparks will be seen between the knuckle and the 
paper. This experiment answers best during frosty 
weather. Similar phenomena may be produced by strok- 
ing the back of a cat. Puss often becomes uneasy at 
this treatment, and the hairs of her back and tail brush 
out in a very strange manner. 

1 must now bring forward an experiment the results 
of which are something different to any I have yet offered 
to your notice. Excite the sealing-wax as before, and 
draw it over the arm of the electroscope Fig. 2, and 
when taken away the balls will remain divergent, as 
in Fig. 3. Again excite the wax, and again mdke it ap- 
proach the arm, on the upper side, but without touching 
it; you will observe the balls separated further than 
before, but as you withdraw the wax again, the balb will 
fall again to their former position. The bidls may be made 
to separate further from, or approach nearer to, each 
other, for several times by alternately advancing the ex- 
cited wax to the arm of the instrument, and withmwii^ it 
from it. if, after the baUs have been divergent by the m«t 
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application of the wax, the latter be again excited and 
then presented toward the balls, you will observe them 
to recede from it : and with a little practice, you may 
deflect the balls from the wax in any direction you please. 

LECTURE III. 

Ha VINO already made you acquainted with the modes 
of deflecting the pith baUs by one and the ^sarne ex- 
cited body, as sealing-wax, glass, amber, &c., it will 
now be necessary to inform you of the character of those 
phenomena which are displayed by the employment of 
two or more distinct excited bodies: whose electric 
forces are brought into play upon the electroscope. Fig. 
2, at one and the same time ; and in order to faxniliarize 
the experimental operations, we will employ two of those 
bodies with which we have already experimented, viz., 
a stick of sealing-wax and a tube of gU^. 

Excite the sealing-wax by some of the processes al- 
ready described, and communicate its electric forces to 
the brass arm of the electroscope Fig 2, whose pith balls 
will remain divergent, as in Fig. 3, after the excited wax 
is withdrawn. Now excite your glass tube by rubbing 
it in the hand covered with warm black silk ; and pre- 
sent this excited tube to the upper side of the metallic 
arm of the instrument, and pa^el to it, and you find 
that the balls collapse by the iq>pro8ch of the glass tube, 
but separate from one another again as you withdraw 
the tube ih>m them. These motions of the pith balls 
are the very opposite to those which are displayed by 
the operations of the sealing-wax alone; for in that 
case, £be pith balls diverged further from one another 
bv the approach of the sealing-wax, but by the excited 
g^iass they collapse. 

Let us now reverse this experiment, by first exciting 
the glass tube and communicating its elrotric forces to 
the arm and balls of the electroscopei by drawing the 
tube over the metallic arm of the instrument, and after- 
wards iq>proaching the upper side of the arm with an 
excited stick of sealing-wax. You will now observe 
that the jfiienontena di^yed by this mode of expert- 
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menting is of precisely the same character as those ob> 
served by the former, or converse method ; for the pith 
balls will as decidedly collapse by the approach of the 
excited wax, as they ^d before by the approach of the ex- 
cited glass tube. These are exceedingly beautiful facta, and 
cannot be too soon implanted on the mind ; for although 
they appear simple in themselves, they are the founda- 
*tion stones upon which much reasoning in electricity is 
based : sn^ by which alone many of the grandest opera- 
tions of nature And an easy solution. 

In those of the preceding experiments in which the 
electroscope was not touched, we have held the excited 
body, whether sealing-wax, glass, amber, &c., directly 
over, and parallel to, the horizontal arm of the instru- 
ment ; but there are other modes of experimenting with 
these pieces of apparatus, which are productive of some 
variation in the phenomena, with which it will be neces- 
sary to become acquainted before we shall be enabled to 
explain several of those already noticed. 

Let us now again excite the sealing-wax, and again 
communicate its electric action to the electroscope by 
drawing it along the arm. The pith balls will diverge 
as usual. Now touch the metallic arm with your finger, 
and immediately the pith balls will fail close to each 
other, and all electric action entirely disappears. Now 
perform the same experiment with the excited glass tube, 
and you find the same results to appear. You may try 
excited amber, sulphur, or any o&er body in place ai 
the glass, or the wax, and in all cases you will observe 
that, by touching the metallic arm of the electroscope, 
you deprive the instrument of all its electrical action. 
The same thing would occur were you to touch the me- 
tallic arm vrith any of those bodies which have the 
faculty of conducting the electric fluid with a conside- 
rable degree of facility, such as metallic bodies, char- 
coal, &c. 

Another method af abstracting the electric action firom 
the dectioac<^, is by presenting the finger, or other 
good conductor, to divergent |»th balls. You will 
first observe that the balls approach the finger, and after 
being in contact with it for a fow moments they will fall 
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off again, haying lost all their electric force. The elec> 
troscope may also have its electric action neutralized by 
the fine point of a needle, or a pin, presented to the brass 
arm without touching it. In this case the pith balls 
will gradually collapse until the electric action entirely 
disappears. 

Let us now again excite the sealing-wax, and afterwards 
draw it over the arm of the electroscope as in previous ex-* 
periments, leaving the pith balls divergent, ^ow excite 
the glass tube and draw it also over the metallic ar^i. The 
result of this experiment is very equivocal, and depends 
upon the proportional electric forces of the two excited 
bodies. If the force communicated to the instrument 
by the wax be exactly of the same extent as that com- 
municated by the glass tube, they will balance each 
other, and the pith balls wdll coUapse, and remain close 
together after the glass tube is withdrawn. But, as is 
more frequently the case, when the two forces do not 
balance one another, the balls will diverge, and remain 
divergent, after the glass tube is taken away from the 
electroscope. 

Let us now reverse this experiment, by first exciting 
the glass tube, and communicating a part of its electric 
action to the electroscope, by drawing it over the me- 
tallic arm ; and afterwards exciting the sealing-wax, and 
drawing it, also, over the arm of the instrument. In 
this case the behaviour of the pith balls will be similar to 
that exhibited by the preceding experiment. They will 
remain close together after the wax is withdrawn, if the 
action communicated by the wax be equal to that com- 
municated by the glass, but in all other cases they will 
remain divergent. Moreover, the remaining divergency 
may be due either to the action of the electricity of the 
wax, or to that emanating from the glass tube, accord- 
ingly as their respective forces predominate ; and the 
angle of divergency vriD, in all cases, depend upon the 
degree of the remaining force. « 

Now, to understand whether the remaining electric 
action in the electroscope be due to the electricity of the 
wax, or to that communicated by the glass tube, we have 
only to excite either the one or the other again, say the 
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glass, and present it to the upper sjde of the arm of the 
electroscope. If the balls diverge farther, their previous 
divergency was due to the action of the glass tube, but 
if they collapse, that divergency was due to the action 
of the wax. But if, instead of the excited glass tube, we 
employ the excited wax, for the purpose of discovering 
• the residuum electric action in the electroscope, then 
should thp balls diverge farther by its approach, the 
residuum of electric action is due to the electricity of the 
wax, and if they collapse, it is due to the glass. 

From several of the results of the preening experi- 
ments, we have obvious instances of the electric powers 
of sealing-wax, and those of glass, by the hitherto des* 
cribed modes of excitation, counteracting one another ; 
and when the experiments are made with great care, 
the electric forces which emanate from the two excited 
bodies are found to neutralise each other very exactly. 
Hence we learn, that those forces are of opposite kinds, 
and must necessarily originate iVom different electric 
conditions, which the exciting processes have occasioned 
in the sealing-wax and the glaM tube. 

In consequence of the electric forces emanating from 
glass and sealing-wax, by the methods of excitation hi- 
riierto described, being found to neutralize each other, 
some philosophers have been of opinion that there are 
two krnds of electric matter, one belonging to the glass, 
and the other to the sealing-wax ; and as the electric 
action of all vttrious bodies has been found to correspond 
with that emanating from glass ; and the electric action 
of amber and all resinous bodies to correspond with that 
of sealing-wax ; the former has obtain^ the name of 
oiirwus electricity, and the latter that of resinous electri- 
city. These te<^icalities were brought forward in a 
very early period of the science, and answered the pur- 
pose of illustrating the principles of a certain hypoth^, 
now nearly expltSjd by subsequent discoveries which 
show that, at least, the terms vitrious and resinous are 
decidedly incorrect, as the character of the electric force 
emanating from ei&er class of bodies, can be varied at 
pleasure : an instance of which I will now place before 
you. 
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Let U8 excite a stick of sealing-wax by nibbing it 
against the sleeve of the coat, or against fur, &c., as hi- 
therto described, and then draw it over the metallic arm 
of the electroscope, Fig. 2, and leave the pith balls di- 
vergent. ^ow change the fur, &c., for a piece of tin- 
foil, and rub the surface of the wax a few times, very 
briskly, with the foil held in the hand. Present the ^ 
newly excited sealing-wax towards the upper yide of the 
arm of the instrument, and the pith balls will collapse in 
the same manner as by the approach of an excited glass 
tube. And if the seaUng-wax be drawn over the metal- 
lic arm, the balls will remain together even after it is 
taken away from the instrument. And, indeed, all those 
phenomena which the excited glass tube has shown in 
the preceding experiments, can ^so be shown by a stick 
of sealing*wax when excited by tin foil: which show 
that there is no peculiarity of action in the wax, but that 
its electric character depends upon the nature of the sub- 
stance against which it is rubbed ; or, If you please, 
with which it is excited : and as this is the case with all 
resinous bodies, hence the absurdity of the term resinous 
electricity. The term vitrious electricity is also incom- 
patible with experimental facts, because by varying some 
of the circumstances in the process of excitation, the 
character of the electric action proceeding from glass 
and other vitrious bodies, will vary accorcUngly. This 
fact is very easily shown by employing a tube of glass 
whose surfhce is made asperous, either by means of acid, 
or mechanically, by means of emery powder, or by a 
common grinding stone. When a glass tube, thus pre- 
pared, is excited by a piece of silk in the manner alr^dy 
described, its electric action corresponds with that ema- 
nating from sealing-wax, and the lennous bodies which 
have been excited by woollen cloth, or by fur, &c., and 
is consequently opposite to that displayed by a smooth 
glass tube, sin^arly excited. It is not necessary, even 
to employ a rough glass tube for this purpose ; for by 
using the fur of a r&bit skin instead of silk, the smooth 
glass tube changes its dectric character ; and becomes 
possessed of the same kind of electric action as the rough 
glass and silk. 
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The difference in the electric action of excited smooth 
glass by diy silk, and that of sealing-wax, &c., by fbr, 
woollen clo^, &c., was discovered by M. Du Fay, inten- 
dant of the French king’s gardens, about the year 
1738 : who, in consequence, introduced the terms vitrious 
and resinous electricity. After describing some other of 
^ his discoveries, Du Fay proceeds to describe the one in 
question ip the following manner : — 

** Chaoee has thrown in my way another principle 
more universal and remarkable than the preceding one ; 
and which casts a new light upon the subject of electricity. 
The principle is, that there are two kinds of electricity^ 
very different from one another ; one of which I call vi- 
trious, and the other resinous electricity. The first is 
that of glass, rock-crystal, precious stones, hairs of ani- 
mals, wool, and many other bodies. The second is that 
of amber» copal, gum lac, silk, thread, paper, and a vast 
number of other substances. The chai^teristics of these 
two electricities are, that they repel themselves, and 
attract each other. Thus a body of the vitrious electri- 
ci^ repels all other bodies possessed of the vitrious ; 
and on the contrary, attracts all those of the resinous 
electricity. The resinous, also, repels the resinous, and 
attracts the vitrious. From this principle, one may 
easily deduce the explanation of a great number of the 
phenomena ; and it is probable, that this truth will lead 
us to the discovery of many other things.” 

As this discovery formed an important epoch in the 
history of electridfy, by furnishing materials for, what 
was ^n consider^, an essential part, at least, of a 
complete theory of the science, which met with little 
or no op^ition for about twenty years afterwards, and 
even to we present day, is adhered to by certain philo- 
sophers, the above passage of the author’s will always be 
an interesting documenr to refer to. But, as I have 
already shown, byeneriments, as the glass or the sealing- 
wax can be made to display either the one or the oth^ 
kind of electric action, by varying the circumstances of 
the excitation, Du Fay’s hypothesis of vitrious and 
resinous electricity is perfectly untenable. The disco- 
very of varying the character of electric action of excited 
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bodieg) was first ahown hy Mr. Canton, by some experi> 
ments which that philo8q>her made in D^ember, 1753, 
aboat twenty years after those made by Du Fay. Some 
of Mr. Canton’s experiments were those 1 have already 
described with tin-foil and sealing-wax, and with rough 
glass and silk. Till this discovery by Mr. Canton, £e 
friction of sealing-wax had always been supposed to pro- 
duce one kind of electricity, and the friction of glass * 
another kind; which **wer6 thought to lb essential 
and unchangeable properties of those substances.” 

Notwithstanding the prevailing idea which philoso- 
phers entertained respecting the difference in the electric 
actions of vitrious and resinous substances, Dr. Watson 
in this country, and Dr. Franklin in America, had ex- 
plained electrical phenomena upon very different princi- 
ples to those set forth in the hypothesis of Du Fay, about 
some six years previously to the discoveries of Mr. 
Canton, which 1 have already mentioned : ana although 
Dr. Franklin has had the credit of the theory which is 
now generally adopted, it is certain that Dr. Watson has 
a prior claim to it, at least so far as the dates of their 
respective views were made public. Dr* Watson 
showed a series of experiments to confirm the doctrine 
of plus and minus electricity to Martin Folkes, Esq., 
then pesident, and to a great number of Fellows of the 
Royal Society, so early as the beginning of the year 
1 747, before it was known, in England, that Dr. Franklin 
had discovered the same thing America. See the ** Phi- 
losophical Transactions,” vol. xliv, p. 739 ; and voL xiv, 
p« 93 — 101. Dr. Franklin’s paper, containing the same 
discovery, was dated at Philadelphia June 1st, 1747.* 

The principles of the Franklinean theoiy of electricity 
are similar to those which I have advanced at the com- 
mencement of these lectures : vix., that all electric phe- 
nomena emanate from the opeietions of a peculiar land 
of matter. The following outline of this th^ry is coped 
from Priestley’s History.” • 

* Priestley’s Hiatoiy.” — Theorigi&al papers of oaroldliidefk- 
tijnble eleetrldaiis are eatreairiy intereriiiig to every cultivator 
ofthe sdeace, ao wbldi aceomit, they are oceaskmafly iittro- 

dnoed to the pages of the ^ AnniJs m Eleetrieity/' 
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** According to this theory, all the operations of elec- 
tricity depend upon one fluid stti generiSf extremely 
subtle and elastic, dispersed through the pores of all 
bodies ; by which the particles of it are as strongly at- 
tracted, as they are repelled by one another. 

“ When the equilibrium of tliis fluid in any body is 
, not disturbed, that is, when there is in any body neither 
more nor less of it than its natural share, or than that 
quantity vmich it is capable of retaining by its own at- 
traction, it does not discover itself to our senses by any 
effect. The action of the rubber upon an electric* dis- 
turbs this equilibrium, occasioning a deficiency of the 
fluid in one place, and a redundancy in the other. 

** This equilibrium being forcibly disturbed, the mutual 
repulsion of the particles of the fluid is necessarily ex- 
erted to restore it. If two bodies be both of them over- 
charged, the electric atraospheresf repel each other, and 
both the bodies recede from one another to places where 
the fluid is less dense. For, as there is supposed to be 
a mutual attraction between all bodies and the electric 
fluid, electrified bodies go along with their atmospheres. 
If both the bodies be exhausted of their natural share of 
this fluid, they are both attracted by the denser fluid, 
existing either in the atmosphere contiguous to them, or 
in other neighbouring bodies ; which occasions them still 
to recede from one another, as much as when they were 
overcharged. 

“ Lastly, If one of the bodies have an overplus of the 
fluid, and the other a deficiency of it, the equilibrium is 
restored with great violence, and all electrical appearances 
between them are more striking.” 


• Tbose bodies which were ejeciUd by rubbings sncb as glass, 
amber, seaUng*wax, &c., were formerly called eiectrics ; and 
the robbing substances employed, were called oon-electrics ; 
from the ima that the former class alone could be excited, and, 
that the latter could tjot be excited, which is contrary to fact ; 
a# we shall see as we proceed. 

t Electric atmospheres are supposed to surroond all bodies 
that are in a state m electric action, and are more or Imai exten- 
sive as the body b more or less electrically active. 1 shall 
have occasion to illustrate the doctrine of electric atmospheres 
ot some consideraUe length, in suhsequent lectures. 
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If we admit that the Franklinean theory embraces the 
true principles of electric action, we shall be enabled to 
understand the cause of many phenomena, which other- 
wise would appear to be exceedingly intricate* 

The attrac^n of light bodies by an excited stick of 
sealing-wax, or by a glass tube, and the jumping motions 
produ^ in bits of pa^, &c*, described in the first lec- 
ture, may now be easOy explained. When a smooth 
glass tube is excited by silk, it is supposed t^ derive its 
^ectric action from a redundancy of fiuid which it has 
obtained from the silk ; hence it is said to be electrixed 
pjiM, or positively. But when the sealing-wax is excited 
by woollen cloth, &c., it is considered to have lost 
a portion of its natural share of the electric fluid ; and is 
therefore said to be electrixed minus, or negatively. 
Hence you will easily understand that, in the former in- 
stance, the redundant fluid which the glass tube was 
charged with, after excitation, must necessity have been 
obtained from the silk with which it was rubb^ ; and, in 
the second case, some of the fluid naturally belonging to 
the sealing-wax, must have been carried off by the fur, 
or the cloth which formed the rubbing substance. 
Therefore, if these rubbing substances were to be insu- 
lated, they ought to exhibit electric action of an opposite 
character to the bodies which they respectively rubbed, 
and, consequently, of an opposite character to each other, 
which is absolutely the case ; for the electric action com- 
municated to the electroscope by the excited glass tube, 
is as decidedly neutralixed by the electric action of the 
rubbing silk, as by that of an excited stick of sealing- 
wax. And the electric action of the sealing-wax is al^ 
neutralixed by that of the fur, or woollen cloth with 
which it ia rubbed. It can also be shown that the 
electric action exhibited by the silk, is of the opposite 
character to that of the hr, when these substances are 
rubbed against smooth glnsa and against sealing-wax, 
respeciivdy ; and that th^ action^ wiD neutralixe each 
oh&r. 

When the excited sealing-wax was held over the bits 
of paper, in the first eacperiment, being negatively elee- 
tri^ it was disposed to abstract fluid from the nearest 
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bodies tbat were capable of fturmshing it, wbich in this 
case were the bits of paper and the tid>le on which they 
were placed ; but as neither of these were in contact 
with the wax, wad as the light bodies were easily moyed 
by a moderate attractive force, they were thus lifted to 
the wax, to which they gave off a part of their natural 
» share of fluid, and became as decidedly negatively elec- 
trical as fl)e surface of the wax itself. In this condition 
they were attracted by the table or the plate on which 
they were first placed, and where they were soon re- 
plenished with fluid ; and now being in the same elec- 
trical condition as at first, were again attracted by the 
sealing-wax, giving to it another portion of fluid ; and 
by a series of journeys between the table and the wax, 
the latter became so far supplied with fluid as to diminish 
the attractive force too fkr to continue the motions of the 
paper any longer. The wax, however, was still left in a 
minus condition, as might be easily shown by the em- 
ployment of very delicate electroscopes, such as will be 
described by and by. 

When the excit^ glass tube is used to produce mo- 
tions in light bodies, the latter carry the fluid from the 
tube to the table, until it is deprived of nearly all its re- 
dundant quantity : the forces &en become too feeble to 
continue die motions. We must not forget, however, that 
the electrical fluid is highly elastic, and that like all other 
elastic fluids it makes its way or expands to the greatest 
extent in that direction where the resistance is tk least 
Hence, in the case of sealing-wax, which was rendered 
negative by excitation, and, consequently, its attenuated 
fluid presenting a less resistance to that in the paper and 
table than was presented on any other side, the latter 
portion expanded in that direction, and urged or carried 
the light l^es along with it to the surfece of the wax, 
or at least assisted materially in producing their motions. 

•lecture IV. 

Besidss the jdiemmimui hitherto pointed ont, the pith 
ban electrooeope k capable of displaying many others of 
a hl^y interesting e wacter, some of which I wiU now 
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offer to your Dotice : but for these purposes it wilt be 
better to have a longer brass wire arm than that we have 
hitherto used ; and, indeed, in some cases, we shall re> 
quire two or more pith ball electroscopes to assist in our 
experiments. Let us now again excite our smooth glass 
tul^, by nibbing its surface with a piece of old black 
silk, observing, as before, that both the tube and the silk , 
are dry and warm. Let tlic now positive electric tube 
be held obliquely over the end of the brass arm of the 
electroscope, as shown in 
Fig. 4, The balls will 
diverge from one an- 
other as decidedly as in 
any of our former ex- 
periments ; but there 
ifre several facta now to 
be exliibited to which I 
have not before alluded. 

Whilst the excited glass 
tube is in the position 
shown in the figure, let 
another similarly excited tube be held obliquely over the 
other end of the brass arm of the electroscope. The 
balls, instead of diverging farther from one another, as 
in our former experiments, will now come closer to- 
gether ; and by dexterous management of the two tubes, 
Uiey may be made to collapse and hang as close together 
as if under no electrical influence whatever ; but if, in- 
stead of another excited glass tube, a negatively excited 
stick of sealing-wax be held over the opposite end of the 
metallic arm, the pith baUs will diverge farther from one 
another than when they were under the electric in- 
fluence of the first glass tube alone. 

These curious facts are very difierent to those exhi- 
bited in our former experiments, although, to a certain 
extent, we have employed the same means for their pro- 
duction. When we before presented the positively ex- 
cited glass tube, and the negatively excited sealing-wax, 
to the arm of the electroscope, we found that their 
electric forces tended to destroy each others action, as 
waa shown by the coliapsion of the pith balls ; but in 
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this ease the forces of these two differently eleotnaed 
bodies are seen to operate in concert, and thus assist 
each other in maintaining the divergency of tiie balls. 
We also observe, in this experiment, that when the elec- 
troscope is under the influence of the electric ibrces of 
both of the positively excited glass tubes, at one and the 
same time, those forces tend to neutralize each others 
action, whereas by the former experiments two similar 
electric forces assisted each other in keeping the pith 
balls asunder. 

The mystery that may probably appear to envelope 
these experimental facts, will partly become dispelled, 
when we notice the very dif^rent positions in which the 
excited bodies were held, with respect to the metaUic 
arm of the instrument, in the two sets of experiments ; 
although that observation alone will not satisfy the whole 
of your curiosity. You will, very naturally, want to 
know something about the cause of these apparent in- 
consistencies in riie operations of the same species of 
electric force : and as it is here that we enter the inner 
portab of electric science, we must dwell awlnle on these 
matters, in order to explain them somewhat minutely ; 
and it is here that we must call into requisition the force 
of electric repulsion^ and avail ourselves of its powers to 
a greater extent than we have hitherto had ne^ for. It 
is in the production of these phenomena, also, that this 
formidable electric force is most beautifully displayed, 
and conveys to the mind the surest and most satL^tory 
indications of its existence. 

When the excited glass tube is in an electro-positive 
condition, the redun£uit fluid on its surface, by virtue 
of its repulsive force, has a tendency to displace the 
fluid belonging to all surrounding bodies within the 
B{diere of its action, even the electric fluid contained in 
the atmospheric air ; and as the best conductors aflbrd 
the greatest facilities for the motion of the fluid which 
they contain, that ^rtion naturally belonging to the 
metaUic arm of the electroscope became easily ^sturbed 
by the approaeh of the g^am tube, whose el^tric forces 
repefl^ the greater part of it to the farther end of the 
metallic rod, where it accumulated and caused that end 
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of the rod to be positively electricAl, at the expense of 
the other end, which, in consequence, became defectiTe, 
or negatively electrical. Hence you will understand, 
that in consequence of a displacement of a portion of its 
electric fluid, by the approach of the glass tube, the me- 
tallic arm of the electroscope was made to assume oppo- 
sitely electric conditions at its two extremities : negative 
at the end nearest to the tube, and positive at the other. 
When bodies are thus electrized, or in this electric con- 
dition, they are said to be electro-polar. If, instead of 
being insulated by the glass support, the metallic arm 
had been in metallic connection with the table, the dis- 
placement of its fluid would have been more extensive, 
as would have been indicated by a greater divergency of 
the pith balls ; for in that case it would not have been 
confined to the metallic rod, for a portion of it would 
have found its way to the table, or, perhaps, to the floor, 
where it would have been diffused in the general mass 
amongst the surrounding bodies. 

If we now approach the metallic arm of the electro- 
scope by an excited stick of sealing-wax, negatively 
electrical, in place of the glass tube, the electro-polariza- 
tion of that part of the instrument will take place as 
decidedly as before ; but we shall find, by the methods 
before described, that the divergent pith balls are now 
in an electro-positive condition, which is contrary to 
their electrical state when the glass tube was used: 
hence the electro-polarization of the metallic arm is now 
in the reverse order to that which it assumed when under 
the influence of the electric forces of the ^lectro-positive 
glass. To understand how this occurs, it will be neces- 
sary to bear in mind that, by virtue of its repulsive force 
amongst its own particles, the electric fluid, like all other 
elastic fluids, moves with the greatest facility in the di- 
rection of least resistance. Now, as the sealing-wax has 
lost a portion of its fluid by this means of excitation, it 
has a dinposition to recover a similaV quantity from those 
vicinal bodies which are within the sphere of its attrac- 
tive forces : so that when presented to the metallic arm 
of tlie electroscope the wax not only draws towards it a 
portion of the electric fluid in that end of the arm to 
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which it approaches, but at the same time, causes the 
electric resistance to become much less in that direction 
than in any other : and therefore the fluid naturally be- 
longing to the metal is constrained to accumulate in that 
end next to the wax, by the joint action of both the at- 
tractive and repulsive forces. Hence it is that the end 
of the metal arm next to the sealing-wax is electro-posi- 
tive, and the other end electro-negative. 

We are* now prepared to explain the reason of the 
pith balls diverging more when the farther end of the 
metallic arm of the electroscope was approached by an 
excited stick of sealing-wax, than whilst under the elec- 
tric influence of the glass tube only. The negative wax, 
in that case, tended to draw the electric fluid of the me- 
tallic arm towards it, and consequently afforded a less 
degree of resistance in that direction, than was offered 
in any other : and by thus diminishing the electric re- 
sistance at that end of the rod, the electric influence of 
the glass tube became assisted in displacing the fluid 
belonging to the vicinal end of the metal, and pressing 
it toward the end nearest to the negative wax. Hence 
you will readily perceive, that the metallic connection 
with the table in the one experiment, and the approach 
of the negative sealing-wax in tlie other, are but two 
different modes of accomplishing the same thing ; both 
serving to facilitate the departure of the electric fluid 
from ^at extremity of the metallic arm of the electro- 
scope which was under the influence of the repulsive 
electric forces of the glass tube. 

We might explain these phenomena very satisfactorily, 
without taking into consideration the attractive forces of 
the excited wax ; as the repulsive force alone, of the 
electric fluid in the brass arm of the instrument, would 
be productive of a greater accumulation by the presence 
of the sealing-wax, by the latter merely lessening the rc- 
sistance in that direction. Indeed, so far am I from 
seeing an absolute^ecessity for that power called electric 
attraction^ that 1 have some reason to believe it may be 
dispensed with altogether in the theory of electricity ; the 
whole of the motions being traceable to a repulsive force 
only. At present, 1 use 3ie term attraction as a conve- 
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niencei and becauae it is used by all electricians. 1 have 
however^ instituted an enquiry into this part of the 
theory, and as &r as I haye proceeded, the views which 
I have taken iqipear to be very satisfactory. Other 
theorists have taken the opposite view, and seem dis- 
posed to dispense with electrical repulsion. 

Now, when another excited glass tube was presented 
to the opposite extremity of the metallic arm, its electric 
forces tended to prevent the fluid coming in that direc- 
tion ; and when its powers are equal to fliose of the flrst 
tube, they exactly balance each other, which was the 
cause of the pith balls collapsing on its approach to the 
electroscope. To manage this experiment, however, 
requires some dexterity : for if the metallic arm of the 
electroscope be of considerable length, say ten or twelve 
inches, and the two tubes be highly electric and brought 
near to its two extremities, they will polarize the metal 
in such a manner as to be negative at the extremities, 
and positive in the centre. And if you were to employ 
two sticks of sealing-wax in a negative electric condition, 
instead of the glass tubes, the metalHc arm would become 
electro-positive at the two extremities, and electro-nega- 
tive at the centre. I will presently show you a slight 
modiflcation of the electroscope, by means of which 
these interesting facts may very easily be shown : but it 
will flrst be proper to make you acquainted with a few 
more particdars necessary to be attended to in the em- 
ployment of this peculiar kind of electroscope, other- 
wise we might seem to meet with anomalies wUdi would 
be inexpli<^le by the theoretical principles we have 
ad^ted. 

We will now excite the glass tube by means of the 
silk, and electrize the electrosc<^ by permitting the 
pith balls to touch its suifluse, On withdrawing the 
tube, the balls, you observe, are left in a divergent state, 
as in all other cases of their electrization. See Fig. 3. 

You have already seen by former' experiments, that 
whm the excited b^y which gave riie electric action to 
the balls, was hrid over the brass arm of the instrument, 
the divergency increased. Moreover, you have hitherto 
been made to understand that, regivimn always takes 
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place between bodies similarly electrized. This prin* 
ciple of electric action is the very cause of the fact I am 
about to bring before you, although the phenomenon 
itself, to a casual observer, and left unexplained, would 
seem to militate against it. 

I have electrized the balls of the electroscope, and no 
^ doubt can rest on your minds of their being in the same 
electrical condition as the tube which electrized them. 
1 now bring the tube to beneath the balls, approach 
them with it, and they collapse. Here then is the 
apparent anomaly. Why do the balls collapse by the 
approach of a body in the same electric state as them- 
selves ? If I hold the tube on one side of the balls, they 
shun it, but do not diverge further from one another. If 
I hold the tube directly over the balls, the divergency 
increases ; and it increases still more if I present the 
tube to that end of the brass arm of the electroscope 
most remote from the balls. In this experiment, thus 
varied, we have the whole doctrine, which should ever 
be kept in view in electroscopic investigations. 

When the glass tube was brought to beneath the 
divergent balls, its accumulated electric fluid repelled 
that accumulated by communication in tjie balls to the 
other extremity of the brass arm of the instrument, and 
rendered them neutral ; in which condition they hung 
close together. When the tube was held nearly in the 
same horizontal plane with that of the balls, they shunned 
the tube without much change in their relative positions; 
because the electric action of the tube upon them was 
nearly equal both above and below. When the tube 
was held over the brass arm, and nearly parallel to it, 
a disturbance of the fluid in the whole arm took place, 
and nearly in every part of it alike, and a greater por- 
tion thus driven to the balls than that which they before 
possessed. Hence the divergency became greater. But 
when the tube approached the opposite extremity of the 
brass arm, a s^ greater quantity of fluid was driven 
towards the pith balls ; and, consequently, under these 
circumstances, the divergency became greater than when 
the disturbing tube was placed in any other position. 

We will now make another experiment in which both 
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positively electric glass tabe, and the negatively 
electric sealing-wax shall be employed. The pith balk 
shall receive their electric actbn from the glass tube as 
before ; but instead of proceeding with that tube any far- 
ther, I will take the negative sealing-wax to present to the 
balls ; and, in this case, you will observe the precisely re- 
verse phenomena to those exhibited by the last experi- 
ment. On approaching the positive b^ frofu beneath, 
with the negative wax, you observe that the divergency is 
considerably increased. On presenting the sealing-wax 
sideways, ^e balls lean towards it ; and when it is held 
over the brass arm, the balls come closer together. On 
presenting the negative body to the remote extremity of 
the arm, the balls become neutral. 

To apply the principles of the theory to these phe- 
nomena, we have only to understand that the resistance 
of the electric fluid in the instrument is lessened on that 
side approached by the negative body ; and, consequently, 
it presses forward in that direction. When the negative 
body approached the balls from beneath, the baHs became 
more positively electric than before, in consequence of 
the fluid pressing in that direction : and when the wax 
approached the remote extremity of the metallic arm, 
the fluid again pressed in that direction, and became 
more positively electric than before, at the expense of 
the fluid in the other end, and of that in the balls attached 
to it, and the divergency lessened accordingly. 

By the phenomena duq>layed in these two experiments 
you win readily understa^ that, the divergency of two 
imUarhf electrised bodies — ^the pith balls, for mstance, 
will be variously affected by the approach of another 
electrized body, not only accordingly with the deetric 
state of that body^ but also accordingly with the direction of 
its approach. And, if this rule he not understood and 
attended to, much error is likely to proceed friun the 
generality of electroscopic investigations. 

We must now em|uoy a brass xbd w, about ten or 
twelve inches long, suspended by two dry and dean silk 
lines, or threads of sewing silk ; or it may be supported 
by a thin glass stem at Hs centre. For a in private, 
the brass rod may be supported on a dean and warm 
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champagne giaas* Two pairs of pith balls must also be 
used, one at each end of ^e rod, as seen in Fig. 5. If 


Rg. fi. 



an excited glass tube t, be presented to this simple 
piece of apparatus, in the manner shown in the figure, 
the metal rod will become electro-polar, upon the princi- 
. pies 1 have just before described. The pith balls diverge 
at both en£ of the rod ; and by examining them either 
by an excited tube of smooth glass, or by a negatively 
excited stick of sealing-wax, it is found that those next 
to the polarizing tube i, are in an electro-negative con- 
dition, and the other pair in an electro-positive condition. 
If we were to hang a similar pair of pith balls to the 
centre of the brass rod, they would remain together, after a 
moment’s slight agitation, which would be caused on the 
first approach of the glass tube t. Hence we learn 
that there is a zone of the rod’s surface, about the mid- 
dle part, which, during the time that it is electro-polar 
und^ these circumstances, which is perfectly neutral : be- 
ing neither positively nor negatively electric. The 
position of this zone, however, varies accordingly with 
the degree of electric force, and with the distance of the 
tube the metal rod. When the electric force is 
constant, the distance of die neutral zone from the ap- 
proached end of the rod will be greater or less accord- 
ingly as the tube is brought nearer, or farther off 
re spec tively. 

Whmi ^ electiic force is sufficiendy powerful, its 
polarizing influence may be extended through a series of 
me tal lic rods, placed end to end, having a plate of air, of 
about an inch in thickness, between them. If, for in- 
stance, we emjdoy two of these rods, and place their 
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axes in the same right line, at about an inch asunder, as 
represented by Fig. 6, and furnished with pith balls, we 
shall have them ready for the experiments. 

Let us now excite the glass tube, and you will see 
that, when it is presented to the outside extremity of the 
rod B, in the manner shown in Fig. 5, page 35, the whole 
of the four pairs of pith balls will diverge, showing that 
both the rod b and the rod a are electrical. You will 
observe, also, that those two next to the excited tube, 
will not only diverge from one another, but they will also 
have a tendency to approach the tube ; and by paying 
attention to the other balls, it will be seen that those be> 
longing to the rods a and b, have also a tendency to 
come together ; that is, although the balls of each pair 
will diverge from one another, those belonging to the 
different rods lean towards each other; and, indeed, 
very frequently come in contact. 

Now, from the facts which I have before brought to 
your notice, respecting the conditions under which bo- 
dies attract one another by the influence of electric 
forces, you will easily understand that the outer balls of 
the rod b, which have a tendency to approach the glass 
tube, must necessarily be in an opposite electric state to 
that of the tube, otherwise they would have no tendency 
to move in that direction. Hence, they are negatively 
electrical ; and as they are in the same condition as that 
end of the rod to which they are attached, that part of 
the metal is also negative. This is also the case with 
the balls attached to the inner extremity of the rod a, 
and consequently with that end of the rod itself : and as 
the balls attached to the inner extiteiity of the rod b, 
are attracted towards those belonging to the inner ex- 
tremity of A, those extremities of the two rods are dif- 
ferently electrical, and consequently the inner extremity 
of the rod B is pontive. 
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The balk attached to the outer extremity of the rod 
Af and consequently that end of the rod itself, may be 
shown to be positively electrical by the usual means al- 
ready noticed ; either by the application of a negatively 
excited stick of sealing-wax, or by a positively excited 
glass tube. And the same tests may also be applied to 
, the two pairs of balls attached to the inner ends of the 
rods A an(^ b. The outer pair of balls belonging to the 
rod B, may also be tested by a negatively electric stick 
of sealing-wax, or by the glass tube excited by the rab- 
bit skin, which also renders it negative. 

If, instead of employing two rods only, as in the last 
experiments, we were to place three or four in a row, 
every rod would become electro-polar, upon the principle 
above described. For instance : by the presence of a posi- 
tively electrized glass tube, the nearest extremity of every 
conductor would become electro-negative, and their fur- 
ther extremities electro-positive. In such cases, the 
brass rods polarize one another after the polarizing of 
the first one by the excited glass tube ; for the accu- 
mulated electric fluid at the remote extremity of the 
first rod displaces the fluid belonging to the se- 
cond one ; and the accumulated fluid at £e remote ex- 
tremity of the second rod exercises a similar action 
on the fluid of the third rod ; and so on throughout the 
whole series. But as the polarizing action decreases with 
every additional rod, the series of rods which can be 
polarized by these means is limited to a very few. 
In all cases, however, the polarizing eflects are exalted by 
connecting the rod most remote flnm the glass tube with 
the ground, by means of some good conductor ; the reason 
of which is, tW the resistance to the disturbance of the 
fluid in the other rods is lessened by giving free access 
to the ground to the fluid in the most remote one. 

This last fact will lead us to another, merely by a 
trifli^ variation in &e experiment. Let us now empU^ 
one insulated brass rod only, and polarize it by the ap- 
proach of a poritively excited glass tube : its pith balk 
at both extremities will diverge as usual. Now place 
a finger on the remote end of the metallic rod, and the 
halk at the nearest end will diverge more than befbre. 
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Take away the fingers whilst the rod is still under the 
influence of the electric tabe« and then gradually draw 
the tube away also. You will now observe that both 
pairs of pith balls first collapse, and when the tube is en> 
tirely rennoved from the vicinity of the rod, they again 
open, ana remain divergent for some considerable time 
afterwards. Now test the electric state of the rod, and , 
it is found that the whole of it is negatively^ electrical. 
The reason of this is very obvious, when we con- 
sider some of the particulars of the previous experiments : 
for the application of the finger to the rod, whilst under 
the influence of the excited glass tube, gave an oppor- 
tunity for a portion of the electric fluid to depart from 
the rod ; and by taking away the finger whilst the rod 
was still under that influence, the latter was left insu- 
lated with less fluid than it previously possessed. 

I must now point out another fact which very fre- 
quently attends many of the experiments I have hitherto 
offered to your notice, because if you were not acquainted 
with it you might probably, on many occasions, arrive at 
wrong conclusions respecting the electric characters of 
any electrized body presented to the electroscope. When 
the excited glass tube is kept presented to the brass arm 
of the electroscope for a minute or two, a portion of the 
fluid naturally belonging to the brass arm is driven out, 
through the medium of the asperities on the surfaces of 
the b^is, and the fibres of the threads by which they are 
suspended; and, although the polarization of the brass 
rod hcdds good whilst under the electric force of the tube 
when you withdraw the latter slowly, the polarization 
gradually subsides; and at a certain distance the force on 
the tube permits the balls of each pair to collapse and 
hang togedier ; but when the tube is still fuller re- 
moved from the brass rod, its electric influence is no 
longer in operation, and the balls again diverge ; being 
left in a negative condition in common with the rod to 
which they are attached. It is exceedingly important 
that this fact should be well understood, bemuse there 
is a strong probability that from a want of this in- 
jformation, many errors have arisen by the experiments 
of those who only ocoasiofnaliy mnploy an electroscope. 
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I shall Tery shortly have to describe electroscopes of 
much greater delicacy than that we have hitherto operated 
with ; but they are all susceptible of similar electro- 
polarization and loss of fluid ; which, if not taken into 
consideration, would necessarily lead to mistaken con- 
clusions. 

The employment of negatively electric bodies, such as 
excited sealing-wax against fur, also reverses the electric 
condition of the pith balls ; for, in such cases, the remote 
extremities of the electroscope being negative by the 
polarizing influence of the wax, they draw in an addi- 
tional quantity of the electric fluid from the surrounding 
air, which, when the wax is withdrawn, leaves them in 
an overcharged or positive condition, as may be under- 
stood by the usual tests with which you have now become 
familiar. 

The reversal of the electric condition of asperous 
bodies, or those with sharp points or sharp edges, is a 
very common circumstance in the employment of those 
delicate electroscopes which 1 shall next ofler to your 
notice, whose moveable indicators are narrow strips of 
leaf gold ; the first of which was introduced to the notice 
of electricians by the Rev. Abraham Rennet, M.A., who, 
in the year 1786, gave the following description of it: — 

** This electrometer consists of two slips of gold leaf, sus- 
pended in a glass. The foot may be made of wood or 
metal : the cap of metal. The cap is made flat on the 
top, that plates, books, evaporating water, or other things 
to he electrified, may be conveniently placed upon it. 
The cap is about an inch wider in diameter than the 
glass ; and its rim about three-quarters of an inch broad, 
which hangs parallel to the glass to turn ofl* the rain, 
and keep it sufllciently insulated. Within this is another 
circular rim, about half as broad as the other, which is 
lined with silk velvet, and fits close on the outside of the 
glass : thus the cap fits well, and may easily be taken off 
to repair any accident happening to the leaf gold. 
Withm this is a tin tube, himging from the centre of 
the cap, somewhat longer than the depth of the inner 
rim. In the tube a small peg is placed, and may be 
oocasionally talcen out. To the peg which is made 
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round at one end and flat at the other, two slips of gold 
leaf are fastened with paate, gum-water, or varnish. 
These slips, suspended hy the peg, and that in the tube 
fast to the centre of the cap, hang in the middle of the 
glass, about three inches long, and a quarter of an inch 
broad. In one side of the cap there is a small tube, to 
place wires in. It is evident that without the glass the 
gold leaf would be so agitated by the least motion of the 
air, that it would be useless : and if the electricity should 
be communicated to the surface of the glass it would 
interfere with the repulsion of the gold leaf : therefore 
two long pieces of tin foil are fastened with varnish to 
the two opposite sides of the internal surface of the glass, 
where the gold leaf may be expected to strike, and in 
connexion with the foot. The upper end of the glass is 
covered and lined with sealing-wax as low as the outer- 
most rim, to make its insulation the more perfect.’* 

Figure 7 is a representation 
of Bennet’s electroscope, c c 
being the glass cylinder, p p 
tbe wooden foot, and b n the 
cap. The gold leaves are re- 
presented divergent, as when 
under an electric influence. A 
short brass wire is usually 
screwed into the hole in the cap 
of the instrument, having its 
upper extremity finely pointed. 

A brass ball also screws on the top of the wire to conceal 
the point, when necessary for particular enquiries. 

The way to use Bennet’s gold leaf electroscope is 
similar to that we have pursued with the oth^ : but it 
is better on all occasions, when we want to communicate 
an electric action of some duration to the instrument, to 
tmscrew the ball from the vertical wire rising from the 
cap, and expose the point with which the wire termi- 
nates bpwa^. The point, in thii case, receives the 
fluid fWm an electro-poeitive body presented to it, and 
gives off fluid to an electro-negative body. For insteee : 
excite a tube of smooth glass by warm silk, and after- 
wards hold it over the point of the wire of the eleebro- 
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tc(^; the gold leaves will immediately diverge, and 
will remain divergent after the tube is taken away ; and 
by testing the electric action left in the instrument it is 
found to be positive. Now discharge this electric force 
by touching the point with a finger. It is very likely 
that the first tou(^ of the finger is not sufficient to re- 
move all the electric action from the electroscope, because 
• it often happens that a portion of the glass near to the 
cap becomes electrical ; and when this is the case, the 
glass being a bad conductor, it prevents any rapid move- 
ments of the electric fiuid over its surface^, so that 
whether positively or negatively electrical, time is re- 
quired to equilibre its electric powers. 

When the gold leaves no longer open after the finger 
is removed from the point of the vrire, screw on ^e 
brass ball : the point will again be concealed, and its 
functions in facilitating the ingress and egress of the 
electric fiuid entirely annihilated. • Now present an 
excited glass tube to the ball of the electroscope ; and 
you will observe that the gold leaves diverge as before : 
but if you immediately remove the tube from the in- 
strument the gold leaves will collapse, and will] hang 
together in as neutral a condition as if they had never 
been under an electrical influence. But if you permit 
the excited glass tube to remain for some time near to 
the ball of the electroscope, then on withdrawing it the 
gold leaves will first collapse and afterwards open with a 
negative electric action, which is of an opposite character 
to that of the tube which was presented to the cap of the 
electroscope. Hence you will perceive that the electric 
fiuid can be driven out of tlie lower extremities of the 
gold leaves by the repulsive action of the fluid, superin- 
duced on the surface of the glass tube, as decidedly os 
it was driven out of the asperities on the surface of the 
pith balls, in the former described electroscope. The 
fine edges of the gold leaves also admit of the ingress of 
the electric fiuid whtn the instrument becomes electro- 
polarized by the approximation of a negative stick of 
aealing-wax, or any negatively electrized body, to the 
ball, or to the cap of it. 

The late Mr. Singer, who was a very clever electrician. 
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made a great impmement in Bennet’s ekciroecope, 
which in its original condition was somewhat difficult 
to keep in order. Mr. Singer’s improvement consists 
in passing the wire to which the gold leaves are ap- 
pended, through a glass tube about four inches long, and 
much wider t^an the diameter of the wire, wHch is 
held fast in the axis of the tube by two bosses or coils 
of sewing silk, wound round the wire at the distance of 
about three inches from one another. These coils of 
silk not only hold the wire steadily in the tube, but 
assist in instating it from the brass cap of the instru- 
ment. The insulation is still farther Fig. 8. 
perfected by covering both the inner 
and outer surface of the tube with a 
good coat of lac varnish.* The axial 
wire is screwed into the top of a 
brass ferule, something wider than 
the glass tube, and* by surrounding it 
prevents deposition of dust and mois- 
ture. The wire of this instrument is 
generaUy surmounted with a brass disc, 
the plane of which is perpendicular to 
the axis of the wire. The electroscope 
thus fitted up is represented by Fig. 8.f 

The management of this electroscope is precisely the 
same as that 1 have already shown you with the rude 
instruments hither employ^ : but in consequence of the 

*. Lac vaniiiih in made by dissolving shell- lac, or seed-lac, in 
spirit of iprine, iu a phial, which is beUer for being wide-necked, 
to admit the brash freely. 

t It is frequently exceedingly diffienlt, without extensive 
reading, to confer the merit that is dne to invention on the 
r%lit party ; and even then we sometimes err for want of proper 
iidbnnation. Mr. Singer has hitherto, with most writers, had 
the exclusive merit of insniating the axial wire of the electro- 
■oope from the brass cap* by a jglass tube ; and it wonld appear 
firom the description he gives of this improvement, in his excel- 
lent treatise on electricity, that he was not aware of any thing 
of the kind being previously done. It appears, however, by an 
article of Mr. Imnaa'sinthe Jonmalde Physique, voL s6, p, 
98, and Nicholson's Jonmal, iO, published in 1804, that a 
Mr. Weiss had applied the glass tube for the pmpojm of inso- 
lating axial wire of Branet's electroscope. The aceonnt 
mas Bras : The eleetroineter he (Mr. Erman) used was that 
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extreme flexibility of the gold leaves, this ioitniment is 
much more delicate than those are, and moat new be 
employed where the electric force is considerable ; its 
principle use being to detect, and ascertain the character 
of minute electric actions. 

There is another appendage to the gold leaf electro- 
scope, which, renders it still more sensitive to feeble 
• electric forces. This is* the condenser : an invention of 
the celebrated Volta, of Como. But before 1 can com- 
municate to you the theory of its action, it will be ne- 
cessary to illustrate, by experiment, the electro-polari- 
zation of tliin metallic discs. 


There are several methods of exhibiting the polariza- 
tion of the flat surfaces of thin metallic discs, one of 


which 1 will now select for our present 
illustration. For this purpose I employ 
a thin disc of tin (tinned iron), about 
ten inches in diameter, and well rounded 
and polished at its edge by the intro- 
duction of a stout marginal wire. This 
disc 1 place upon an insulating pillar 
of glass, with its plane vertical, as repre- 
sented by D D, Fig. 9, which is an 
edge view of the disc, b, is a pith ball, 
suspended by an uninsulated fibre 
A B. I first excite the glass tube by 
the tin-foil, and afterwards communicate 
a portion of this electro-positive action 
to the insulated disc. Immediately 
the ball b is drawn to the position c 


Fig. 9. 
A 



towards the disc, which shows electric 


dutingoiahed in Germany as the electrometer of Weiss.’' 
From tbit it would appear to bare been long known. “ The 
length of its leaves of gold is half an inch, and the diameter of 
the glass cylinder which encloses them is three qnarters of an 
inch in diameter, the height being an inch ana a half. Its 
cover of ivory does nobproject above the glass, and is perforated 
in the middle with a h<ne in which a smaller gUue lube is fiaed^ 
and tkrongh this last tube ^ees the metcUUc rod that serves to 
SMSvesui the gold leaves,** Singer’s improvement, first published 
in 1814, would, therefore, consist in adding fbe brass fermle, 
which covers the glam tube ftret introdnotd by Weiss. 
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action in the latter. Now, in this state of things the disc 
is sorroanded by an equable electric pressure, with the 
exception of the trifling diflerence occasioned by the 
wooden ferrule on which the disc rests, and which we 
will not permit to interfere with our present illustration. 
This equability of electric pressure, permits of an equable 
distribution of the electric fluid on the two sides of the 
disc, by which 1 mean that at the centre of the disc the < 
electrization is equal on the two opposite surlaces ; and 
although, in consequence of the repulsion amongst its 
own particles, the electric fluid is distributed more and 
more abundantly from the centre to the margin, the ab- 
solute quantity superinduced on each individual con- 
centric ring on one side of the disc, is equal to the 
quantity superinduced on each opposite ring on the other 
side : therefore, the sum total of ^ the concentric rings 
of electric fluid on one side is equal to the sum total of 
all the concentric rings of it on the other side. More- 
over, the distribution of the electric fluid on one side of 
the disc is precisely the same as the distribution on the 
other side of it. 

To give you an experimental illustration of this beau- 
tiful fact, I will first dismiss the electric action of the 
disc, and whilst it is in this neutral condition, I will sus- 
pend anotlier pith ball on the other side of it, in such a 
manner that the two balls shall hang at the same height, 
and the plane of the disc shall be placed between them, 
at an equal distance from each, and at right angles to 
the horizontal line joining them. 1 now again commu- 
nicate electric action to the disc from the electro-positive 
excited tube, and immediately neutralize the latter, and 
remove it to some distance. You now observe that 
both of the pith balls are drawn towards ^e disc by the 
electric forces on its two sides ; and by close attention, 
you can form a pretty good idea of the quantity of their 
respective approaches towards the disc, which you will 
find to be nearly, perhaps exactly, equal. They have, 
indeed, advanced so nearly alike, that it would be dif- 
ficult, from mere inspection alone, to ascertain which 
bill is nearest to the £sc : which shows that the electric 
fiNToes on the two opposite sides of it are equal to eadt 
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other. By removing the pith balls towards the edge of 
the disc, we shall find that they are drawn further from 
their original neviral distance, than when placed oppo- 
site to the disc’s centre ; but still both balls advance alike. 

There is yet one other point to decide respecting the 
electric character of the disc ; for although the electric 
^forces appear to be equal on its opposite surfaces, you 
have not yet been shown that, in this condition, it is not 
electro-polar ; or, in other words, that one side is not 
electro-posttivct and the other side electro-negative ; 
under which circumstances, the pith balls might be 
drawn towards those surfaces as decidedly as if botli 
were in the same electric condition. This point is easily 
decided by the employment of two gilt pith balb, sus- 
pended by silken fibres. Thus insulated, I bring the 
pith baUs into contact with the electrized disc ; one on 
each side of its central part. On removing them, I 
bring them to within the spheres of each others action ; 
and you observe that they shun one another : or, in 
electric language, they repel each other. Hence we un- 
derstand that the balb are similarly electric, and, conse- 
quently, that the two surfaces of the disc whence they 
derived their electric actions, are also in one and the 
same electric condition. 

Our next business is to show the manner of rendering 
thin metallic discs electro-polar, which is the principal 
illustration we have in view prior to introducing the con- 
denser. I now remove one of the uninsulated pith balb 
last used, permitting one only to hang opposite to the 
face of the disc, as represented by Fig. 9 . i again 
communicate electric action to the disc by means of the 
electro-positive glass tube. The piUi ball b drawn 
towards the dbc, in the manner shown by a o. 1 now 
approach the opposite side of thp disc with another disc 
of the same kind, holding the latter in my hand by a me- 
tallic handle attached to its centre. The face of the ap- 
proaching disc b kSpt parallel and opposite to the fiice 
of the el^trized one ; and as it advances upon it, you 
perceive the pith ball recedes from its advan^ position, 
and when the two discs are within about an incdr off each 
other, the pidi ball fidls to its first neutral post, showing 
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that it is not affected by the electrised disc. But we are 
not to suppose that^ bei^use the pith ball is not affected 
under these circumstances, the electrization of the disc 
is annihilated : for if 1 withdraw the uninsulated plate 
gently, the pith ball gradually advances again upon the 
insulated one ; and by withdrawing the plate held by the 
hand entirely away from the other, the pith ball advances, 
into its former position c, indicating the sanae degree of 
electric action in the insulated disc as at first. Any un- 
insulated body, however small, presented to any part of 
the disc, monopolizes a portion of its electric action, and 
causes a recession pf the pith ball. 

Now, since by the recession of the pith ball during 
the presence of the uninsulated disc, we can easily un- 
derstand that, on that side of the electrized one next 
to the ball, the electric action was neutralized : and 
since we also understand, from the re-advance of the 
pith ball, that the electric action was restored by the re- 
moval of the uninsulated plate, it is obvious that all, or 
nearly all, the electric fluid first communicated to the 
insulated disc, had accumulated on that side of it which 
was appoached by the uninsulated one : and, conse- 
quently, by the two sides of the electrized disc being in 
different electric conditions, the disc itself was electro-po- 
lar ; having relative positive and negative surfaces as de- 
dd^y as in any other shaped body whatever. 

Being now acquainted with the nature of the electro- 
polarity of thin discs of metal, the operations of the 
condenser wiU be easily understood. Fig. lo. 

Fig. 10 is an edge view of the con- 
denser. It consists of two metallic 
plates similar to those we have been 
using in our last experiments. One 
of these plates is 8u;^rted on a 
glass pillar, and is consequently, 
insula^. The other is support^ 
by a metallio pillar, moveabte on d 
j^t at its lower extremity ; by 
which means it can be made to ap- 
proach the other plate, as represented by its vertical 
position ; or withdrawn from that plate, as in the poa- 
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don shown by the dotted pert of the figure* The 
whole la attached to a neat mahogany base-board. 

When the insulated plate of the condenser is connect- 
ed, by means of a metallic wire, with the cap of Bonnet's 
gold-leaf electroscope, and the uninsulated plate brought 
parallel and close to it, without touching, any feeble 
^electric action conununicated to the cap of the instru- 
ment would principally be collected on that surface of 
the attached wire nearest to the uninsulated one, and no 
diyergency of the pendant leaves would take place. But 
oh taldng back the uninsulated plate, the electric fluid 
spreads itself over every part of the insulated metal of 
the electroscope ; and if the action be sufficiently pow- 
erful, the gold leaves will diverge by the repulsive force 
thus communicated to them ; the condenser, however, 
can be but of very little use in those cases where a single 
contact of the body under examination will communi- 
cate to the electroscope a sufficiency of electric force 
to deflect the gold leaves ; because, in such cases, they 
would be deflected independently of the condenser, and 
indeed, to a greater extent, because of the less extent of 
metallic surface to electrize. 

The important services of the condenser, are limited 
to those cases in which the electric action, by one sin- 
gle contact of the body under examination, is not suffi- 
ciently powerful to deflect the gold leaves of the most 
delicate electroscope. There are many cases of this 
kind which come under the notice of the investigating 
electrician;, who, by a judicious management of the 
condenser, combined with his electroscope, is enabled to 
detect those minute electric actions, so extensively and 
variously ramifying throughout the multitudinous asso- 
ciations of nature’s productions ; and which, independantly 
of some such exquisite implements of research, he could 
never have known of their existence. 

The condenser, although considered as a distinct piece 
of iqiparatus, is nm/ generally attached to the elrotro- 
scope, as a suitable appendage to improve its delicacy 
and usefulness. In this capacity the two discs are each 
of about six inches diameter ; one of them receiving its 
insulation from being supported by the glass cylinder of 
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the electroscope ; being attached to its brass cap, as re- 
presented by p in Fig. 11. The insulated plate s is sup- 

Fig. II 
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fluid which rested principally in the plate p, now be^ 
comes almost equally distributed over every metallic part 
of the electroscope; and, if the force be sufficiently 
powerfVil, the gold leaves will diverge. In many cases, 
however, and indeed in all those in which the condenser 
can be used to much advantage, it requires several com- 
» munications between the body under examination and 
the cap of^he electroscope, to convey a sufficient degree 
of electric force to diverge the gold leaves, even in the 
least appreciable degree. 

It may now be necessary to say something further 
with respect to the terms positively electrical^ and neya- 
tively chctrical bodies. These terms ought, in all cases, 
to be understood as implying the electrical condition of 
bodies relatively to the electric condition of other bodies, 
and in no other manner whatever. Let me endeavour 
to give you an illustration of what I mean by the term 
relative, I will suppose that three metallic spheres, a, 
B, and c, of precisely the same diameter, uniformity of 
polish, &c., are insulated, and placed on different parts of 
the table, I will communicate ten particles of the elec- 
tric fluid to A, seven particles to b, and flvo particles to 
c. Now, although the whole of these three bodies are 
positively electrical with regard to the surrounding group 
of bodies in the room, they are, in reality, in different 
electric conditions with respect to each other. A, which 
has the quantity ten, is positively electric with respect 
to the other two ; and c, which has only the quantity of 
five, is negatively electrical with respect to both a and B. 
And for the same reason, the body b is either positively 
or negatively electrical, accordingly as it is compared 
with c or A respectively. This is obviously a prominent 
case, and may very easily be comprehended. But there 
are others, which 1 shall shortly have to notice, wherein 
the difference of the electrical condition of bodies is not 
so easily illustrated independently of direct experiment. 
I shall presently have to show you that two distinct 
metallic bodies, in their natural electrical condition^ are 
very for from being in one and the same electrical con- 
dition .* and I will further observe, in this place, that 
not only are the various substances constituting the body 
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of the earth in different rehUive electrical conditiena/ 
but that different parts of the aame boiy are also differ • 
ently electrical, 

1 have long entertained this view of the electrical con- 
dition of bodies when surrounded by equable electrical 
pressures, or when they are in, what Franklin called, 
their natural electric states : and I will lead you through 
a series of experiments, as we proceed in the^ lectures, 
that will prove to you that this view is a correct one, as 
far, at least, as those bodies on which we operate are 
capable of rendering us the necessary information. 

We will now proceed to an experiment which will not 
produce very satisfactory results, imless we avail our- 
selves of the advantages afforded by the condenser. We 
will take two metallic discs, one of which is copper and 
the other zinc ; they are about six inches in diameter, and 
each fbmished with a glass handle in the manner repre- 
sented by Fig. 12: their opposite sides should be per- 
fectly flsk^ so that when placed together, as shown in 
the figure, those surfaces may 
be in contact throughout. 

Let us now bring the move- 
able plate s, of the condenser, 

Fig. 11, into contact with 
the fixed plate r, and after- 
wards separate them a little, 
so that we can just see be- 
tween them, and no more ; 
which is best done by having 
a sheet of white paper lying on the table on the opposite 
side of the electroscope to that on which you are stand- 
ing. We have now an exceedingly thin plate of air 
between the two plates of the condenser, which will 
afford great facility for their polarization by a feeble 
electric force. 

The electroscope with its condenser, and the zinc and 
copmr plates vrith their dry and wanli handles, b^g now 
ready, we will proceed to the experiment ; whidi is to 
show that the zinc and copper, though each in its natu- 
ral eleetrie condition, are not in one and the eame electric 
condition : but that the copper is positively electrical with 
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respect to the zinc, and that by their simple contact 
alone, the copper will communicate to the zinc a portion 
of its natural share of the electric fluid, so that the zinc 
shall become positively electrical and the copper nega- 
tively electricid ; not only with regard to eai^ other, 
but also with regard to aU surrounding bodies which 
are in their natui^ electric states. 

I now place the copper plate upon the palm of ray left 
hand, widS its smooth flat face upwards ; and with my 
right I take up the zinc plate by its glass handle, and 
place it on the face of the copper one. I now separate 
the plates suddenly, and touch the cap of the electro- 
scope with the zinc one, by which means I communicate 
a f^ble electric force to the instrument. I bring the 
zinc plate into contact with the copper one as before, and 
again separate them suddenly ana communicate another 
portion of electric force to the electroscope : and by pro- 
ceeding in this manner for about half-a-dozen times, I 
lay down the two discs and withdraw the plate s of the 
condenser, and the gold leaves immediately diverge, in 
consequence of the electric fluid which was condensed in 
the plate p, whilst the plate s was close to it, being now 
nearly equally distributed over the whole of the metal in 
connexion with r : and as the gold leaves are portions of 
that metal, they receive their portion of the electric 
action and are repelled from each other accordingly. 

Our next business is to ascertain what kind of electric 
action is possessed by the electroscope, and it is found 
to be positive, whether we test it by a MgaHvely or by a 
pofiHvely electrized body. I am very anxious that the 
facts which this experiment develope should be very well 
understood ; because I am well aware that many per- 
scms flul in producing any electric action whatever by 
these means, and others doubt the fact altogether. It 
was first shown by the celebrated M. Volta, and was 
the foundation of all that sound philosophicai! train 
of reasoning whicH led that eminent electridan to the 
invention tSui formation of the most formidable source 
of electric action that has hitherto been placed in the 
hands of philoso^rs, viz., the Voltaic battery : an im- 
plement research which so justly bears his name, and 



52 


hy wliich the moit important discoveries in this brancli 
of science have been made. 

We will now vary the experiment by placing the zinc 
disc on the hand, and with the other hand taking hold 
of the glass handle of the copper disc. But we must 
iirst adjust the plate s of the condenser to its proper dis- 
tance from the plate p. Having now brought the face 
of the copper disc into contact witli the face of the zinc ‘ 
one, I again separate them quickly, and tifterwards 
touch cap of the electroscope with the copper disc. 
After repeating this operation a few times ‘as before, 
we shall find that the gold leaves diverge as soon as the 
plate s is withdrawn from the plate p ; and by testing 
in the usual way, Ve find that the gold leaves are nega- 
tively electric ; proving all that I said before we per- 
formed the experiment, respecting the development of 
electricity by the simple contact of metals, and that 
they are naturally in difterent electric states. It is in 
the investigation of these beautiful electrical niceties that 
we discover the superior penetrating genius of the 
genuine electrician, and distinguish tlie philosopher from 
tlie mere iterant experimenter. The name of Volta, 
will ever remain associated with the electrophorus (an in- 
strument presently to be noticed), the condenser, and the 
famous battery which bears his illustrious name ; and 
will be venerated by the electrician whilst this beautiful 
branch of science shall continue to be cultivated by man. 

When an electroscope is not furnished with a perma- 
nent condenser, the open hand held near the cap of the 
instrument will answer very well for many purposes. 
In this position the hand becomes a substitute for the 
uninsulated plate, and the fiat horizontal disc which is 
insulated by the glass tube in Singer's improved elec- 
troscope, forms the otlier. I will now show you an ex- 
periment which will convince you of the usefulness of 
the hand in tliis capacity. 

1 will take one of Volta’s plates by its glass handle, 
and give the face of it a gentle rub on the table cloth 
or on the sleeve of my coat ; and whilst the other 
hand is held over tlie insulated disc of the electro- 
scope, I will touch that disc with the excited one, 
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and immediately take it away again. The eommu* 
nicated electric action ia very feeble^ and the gold 
leaves will scarcely diverge : but now, that 1 take away 
my hand) you will ob^rve that they separate to a 
considerable extent. This is precisely the result that we 
should obtain were we to use the metallic condenser : 
and in those delicate cases where the electric action is 
*too feeble to deflect the gold leaves by one single contact 
of the excited body, we have only to repeat these feeble 
units of electric force for a few times, as in the experi- 
ment with Volta’s copper and sine discs, and the sum of 
the feeble electric increments of force, collected whilst 
the hand is present, will be sufficient to diverge the 
gold leaves when it is withdrawn from the vicinity of the 
insulated disc of the electroscope. If I stand on a stool 
with glass legs, or be insulated by any other means, my 
hand has still Uie same kind of influence, though in a 
less degree than when uninsulated. 

There is another method of showing the influence of 
vicinal uninsulated bodies, which 1 will now point out 
to you. Let us communicate, in tlie usual way, either 
kind of electric action to the electroscope whilst unfur- 
nished with a condenser. The gold leaves diverge, and 
remain divergent when the electrized body is withdrawn. 
I now bring my open hand over, and parallel to, the 
insulated disc of the electroscope. You will observe that 
the divergency lessens as my hand approaches the disc, 
and when it is sufficiently near, the gold leaves collapse 
and hang together. But on withdrawing my hand gently, 
the divergency again commences, and gradually becomes 
greater till the hand is removed from the sphere of action, 
when the divergency arrives at nearly the same degree 
as at first. Similar phenomena are produced by insu- 
lated plates of metal, though in a minor degree. 

This is a beautiful experiment and conveys a great 
deal of information, which we ought to avail ourselves of 
in all those electrosoepic inquiries in which the electric 
action is to be teetedf and the electric action of the testing 
body are of diffisrent degrees of tension. Let me give 
you an experiment in illustration. 1 excite a feeble 
electric action in Volta’s copper disc, by rubbing it 
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agaiDsi the sleeve of my coat, and I communicate a 
portion of this electric action to the electroscope, and 
the gold leaves are observed to diverge slightly. The 
electricity is negative. I now excite a round tin plate, 
insulated by its glass handle H, Fig. 13, to a considerable 
degree of power, by 
rubbing it on the fur 
side of a dry rabbit 
skin ; and it will be 
observed, when 1 
bring this tin disc 
over the cap of the 
'jlectroscope, that the 
divergency of its 
gold leaves increases 
to a great extent. 

Being satisfied with this result, let us now reverse 
the process, by first communicating a powerful elec- 
troscopic action to the gold leaves, from the excited 
tin disc, and afterwards bringing the feebly excited 
copper plate over the face of the insulated disc of the 
electroscope. Now, although you are aware, by the 
former experiment, that both discs are in the same nega- 
tive electric condition with reference to the uninsulated 
group of things about the table, yet, as they are positive 
and negative with regard to eacl^ other, the divergency 
of the gold leaves diminishes by the approach of the 
copper disc, which is the less formidable electrized body 
of the. two. Hence experimenters unacquainted with 
this curious fact would be almost sure to be led into 
error from the indications afforded by the electroscope. 
As this, 1 believe, is the first time that such a cir- 
cumstance has been announced, it is highly probable 
that wrong conclusions may have been drawn by some of 
those who have not studied these nice points of electric 
action. This interesting fact may be produced by one 
excited disc only : tlie tin disc for instance. First, 
excite it on the fur to a considerable degree, and after- 
wards communicate a portion of its electric action to the 
electroscope. Again excite it very feebly, and then 
bring it over and parallel to the disc of the electroscope. 


Fig. 13 
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The divergency of the gold leaves will diminish, and when 
the experiment is dexterously performed, the divergency 
will be completely annihilated, until tlie feebly electrized 
plate be withdrawn from the vicinity of the other. 

Having now proceeded through a sufficient series of 
illustrations of the application of the electro-polarization 
of thin metallic discs in the capacity of the condenser, wo 
• will proceed to employ another beautiful piece of appara- 
tus, whose Operations essentially depend on the same laws 
of electric action. This apparatus, which is called the elec- 
trophorus^ is also the invention of the celebrated Volta. 

The electrophorus is represent- Fig. 14. 

ed by Fig. 14, and consists of 
three distinct parts : the sole, the 
resinous cake, and the cover s, 
with its glass handle h. The 
sole is simply a circular flat tin 
dish, having a rim of about half 
an inch in height. A mixture of 
about equal parts of pitch and resin, 
and a little linseed oU, well incorpo- 
rated with each other whilst melted, 
form a good compound for the resinous cake. Some 
persons employ lac, rosin, bees wax, &c., mixed together, 
for the resinous cake : but the simple compound first 
described is quite as gpod for this purpose. The power 
of the electrophorus will vary, of course, accordingly 
with its size, but one of about twelve or fifteen inches 
diameter answers very well for ordinary purposes. The 
cover 8, is simply a metallic disc of al^ut two inches 
less diameter than the sole, well polished and rounded at 
its edges. A well lacquered brass cover looks very neat, 
and gives the electrophorus a good appearance : though 
a tin cover, wired round the edge and japanned is often 
employed. A brass ball is occasionally attached to the 
cover by means of a bent brass wire. 

The resinous cakep of the electrophorus being warm 
and dry, 1 excite it by briskly rubbing its surface with 
the fur side of a dry and warm rabbit skin ; whipping 
with a warm silk handkerchief excites the resinous cake 
very well. This process produces on its surface a nega- 
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live electric action, and to the highest degree, when 
the tole rests on the hand, or is well connect^ by con- 
ductors with the ground. On the excited resinous cake 
1 place the corer, or scudo,* as Volta termed it ; taking 
care to touch the glass handle only. Now in conse- 
quence of the suriace of the resinous cake present- 
ing a multitude of asperites, scudo rests upon them, 
and is thus prevented from coming into general contact 
with the resinous surface. Under these cirdUmstances 
the electric fluid naturally belonging to scudo, finding 
a less resistance on the lower surface than on its upper 
one, presses in tliat direction, and accumulates on that 
surfai^, leaving the upper surface in an electro^negative 
state. Scudo, therefore, whilst resting on the resinous 
cake, is electro-polar ; and its upper surface being the 
negative pole, it is prepared to receive a fresh portion of 
fluid from any other b^y within its reach. 

1 present ray finger to the upper surface, and immedi- 
ately a portion of fluid, in the form of a spark, jumps 
from it to scudo ; which, being insulated, has no oppor- 
tunity of disposing of it until its removal from the re- 
sinous cake. I lift it up by the glass handle, and present 
the ball to the knuckles of my other hand : the spark 
which I before communicated to scudo now returns. 1 
again place scudo on the resinous cake ; he again becomes 
polar, and being ready to receive additional fluid, I 
again supply it from my finger ; and by affording him 
an opportunity, as before, he returns it in a full brilliant 
spark to the knuckle of my other hand. By repeating 
these operations we find that the resinous calm retains its 
action for many hours, and even days, to a certain ex- 
tent, when great care is taken to keep it clean and dry. 

From this retention of its electric action, the electro- 
phorus becomes a convenient instrument in chemical 
laboratories, where electric sparks are wanted for the 
explosion and combination of gaseous mixtures, in vari- 
ous investigations. Its inventor, Volta, appli^ it in a 
peculiar form for the piupose of obtaining an instan- 

* Seodo, ia the Italian langnaM, means a coeer. a erown, or 
iop^eet. It iit always a noon of the maiieoliue gender. 
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taneous light iu the night-time^ or whenever a lighted 
lamp or candle was wanted. This was accomplished by 
igniting a small jet of hydrogen gas by the spark which 
passed through it from scudo to the nozzle of the jet pipe. 

Our next business will be to examine more closely 
than hitherto, the electric characters of the two principal 
operating parts, the resinous cake and scudo, of the 
•electrophorus. For this purpose, I again excite the 
cake with Ae rabbit skin, and afterwards bring it into 
contact with Rennet’s electroscope. The gold leaves 
diverge : and by bringing the face of (he cake a second 
time over the cap of the instrument, the divergency is 
increased. I now excite the glass tube with the same 
fur, and by its approaching the cap of tlie electroscope 
the divergency again increases ; showing that the cake 
and tube are in the same electro-negative condition. 
But to satisfy ourselves still further, if possible, I excite 
the glass tube by tinfoil, which renders it electro-posi- 
tive. By now bringing the tube over the cap of the 
electroscope the divergency of the gold leaves diminishes. 
Hence, by both tests, tlie resinous cake is proved to be 
in an electro-negative state. 

We next examine scudo prior to his being placed 
on tlie cake, and find him neutral. We place him on 
the cake, leave him there for a short time, and by the 
glass handle, remove him to the previously neutralized 
electroscope, and find that he is slightly electro-positive ; 
having collected a small quantity of fluid from the air, 
through the instrumentality of the asperities on his sur- 
face. We again place him on the resinous cake, touch him 
with the finger, experience a pungent sting from the 
spark, and then transport him again by the gloss handle 
to the cap of the electroscope. The gold leaves exhibit a 
powerful repulsive force, which on examination by the 
two former tests, we find to be positive. 

There are many other curious experiments to be made 
with the electrophorus, which in a theoretical point of 
view are very interesting : but as the whole of them 
are the results of electro-polarization, those hitherto 
oflTered to your notice will be sufllcient to show the 
groundwork of all the rest. 



LECTURE V. 


Besidss the electroscopes hitherto describedi there are 
others of no less importance yet to be noticed, before we 
proceed to employ other classes of electrical apparatus. 
The lever electroscope, Fig.l5 , first em- l 
ployed by Dr. Gilbert, in 3ie earliest elec- ' 
trical investigations on record, from its t 
simplicity, and conspicuity of action, may 
be used with advantage, and without much 
dexterity of manipulation, on many occa- 
sions* It consists of a neat mahogany base, 
from the centre of which rises a brass stem, 
finely pointed at its upper extremity, as re- 
presented by Fig. 15, for the purpose 
of a pivot, on which the brass wire lever can move with 
freedom, by the application of a very slight electric force. 
The complete instrument, in its improved state, is re- 
presented by Fig. 16. The sup- Fig. 16. 
porting stem of this electroscope 
is of glass, well varnished, and 
surmounted by a brass ferrule, 
and a steel point for the pivot. 

Each extremity of the brass arm 
is furnished with a small cork 
ball, neatly gilt. Tlie delicacy of 
the instrument is somewhat im- 
proved by its having gilt balls of 
the pith of the elder- tree, which is a much lighter sub- 
stance than cork. This instrument being very exten- 
sively employed by the Abbe Hauy, in his mineralogical 
enquiries, is now frequently called Hauy’s electroscope. 

In illustration of the mode of using this instrument, 1 
take a morsel of sealing-wax between my finger and 
thumb, rub it against Uie sleeve of my coat, and then 
present it to one of the pith balls. The electric force 
thus brought into play draws the ^ver to the wax. If 
I use a larger piece of sealing-wax, and excite it by the 
rabbit skin, the electric force is sufficiently powerfol to 
draw the biffi ’ at the end of the lever at a considera- 
ble distance. 'i^he lever moves slowly at first, increases 
its speed gradually, and as it approaches closer to the 
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excited wax, its velocity becomes considerable, and it 
strikes against the electrized body with some force. 

When the wax is withdrawn, the insulated lever is 
left in the same electric condition as itself, and the next 
approach drives the lever off by the electro-repulsive 
forces of the two bodies. If, however, I force the elec- 
trized wax too closely to the lever, the latter will again 
attach itself^to it by virtue of attraction : because, in this 
case, the wax polames the lever, rendering the vicinal 
end electro-positive, and the remote end electro-negative, 
with respect to itself. Hence with this electroscope, as 
with that with the two pith balls, Fig. 11, page 16, it is 
necessary for the experimenter to keep in view the laws 
of electro-polarization, otherwise the result of his experi- 
mental enquiries might lead to erroneous conclusions. 

The principles upon which this electroscope operates 
are applicable in communicating motion to an orrery of 
the earth and moon. Fig. 17 represents a lever, with 

Fig. 17. 

— O 

arms of unequal length. At the extremity of the short 
arm is a large cork ball, weighted if necessary, repre- 
senting the earth ; and at the other extremity is a small 
ball of the ^ith of the elder, to represent the moon. 
When this piece of apparatus is placed on the glass stem, 
Fig. 16, any electrized body, the excited glass tube for 
instance, presented to the moon, will draw that body ta- 
wardf it, and by keeping the tube before it, the whole 
system may be made to revolve round the centre of mo- 
tion, highly imitative^of the revolutions of the earth and 
moon round their common centre of gravity. When the 
electrized body has been carried round in front of the 
moon a few times, it may be taken away, and the mo- 
mentum acquired by the system will ke^ it revolving 
for some considerable time afterwards. 

If the insulated orrery be first electrized, by permit* 
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ting it to touch the excited tube, it may afterwards be 
driven round by repulsion. It will be obvious from 
these illustrations, that many amusing and instructive 
variations of objects might be attached to the two arms 
of the lever, and put into motion by these means. There 
is an advantage to young persons by varying their expe- 
riments in every way they can think of, as by frequent^ 
repetitions they pass unconsciously througl\. a train of 
practice which familiarizes them with the use of appara - 
tus, ensures dexterity of manipulation, and stamps on 
the mind those lasting impressions by which the prin- 
ciples of the science are kept in unfading remembrance. 

The most delicate electroscope hitherto brought into 
notice, is that invented by Dr. Robert Hare, professor 
of chemistry in the Pennsylvania University at Phila- 
delphia. This electro- 
scope is represented by 
Fig. 18 , and consists of 
an oval wooden base 
board ; a globular glass 
vessel, capped with brass ; 
a zinc disc of six inches 
diameter, from which 
hangs a narrow strip of 
gold leaf, and a wire with 
a ball attached to its 
inner extremity, and a 
graduated head at the 
other. The zinc disc z 
is fixed to the brass socket 
c : one end of the gold leaf 
is attached to the centre of the zinc disc, and is sus- 
pended in the axis of the glass vessel. A brass socket is 
cemented round a hole to the side of the glass, and 
through the centre of the socket, passes the stout brass 
wire ; the ball of which, by roeana of a screw, can be 
adjusted to any required distance from the lower point of 
the gold leaf. The precise distance in minute parts of an 
inch can easily be ascertained, by means of then^rometri- 
cal graduation on the head of the screw. The delicacy of 
this instrument b shown by placing a copper disc on the 
zinc one, as shown in the figure, and li&ng it suddenly 


Fig. 18. 
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off again ; the feeble electric action thus brought into play 
causes the gold leaf to strike the ball of the lateral wire. 

Hitherto, I have applied the term electrosaopet to all 
these instruments, which indicate electric action ; but as 
all of them m capable of indicating relative differences 
of the electric forces communicated to them, they are 
^frequently called electrometers. When, for instance, 
* the angle of divergency of either the pith balla or the 
gold leavel is great, we know that the electric force is 
greater than when the divergent angle is small : and so 
fur these instruments are measurers of relative electric 
forces; and, consequently, are electrometers in this 
individual capacity : that is, in showing the relative »a- 
teaaity of the forces applied to them ; but they are very far 
from having the power of indicating the relative quan- 
tity of forces, or the relative quantities of electric 
fluid, in those bodies which communicate to them electric 
action. Nor have we, indeed, any instrument capable 
of affording this kind of information correctly. 

In order to give you a still better Tj;;. 
idea of the extent of information which 
our indicators of electric action are 
capable of communicating, I must soli- 
cit your attention to an experiment first 
made by Dr. Franklin. The appa- 
ratus employed by that philosopher is 
represented by Fig. 19, and consists, 

•imply, of a metdlic can and chain, 
insulated by standing on a glass pillar. 

A pair of pith balls, suspended by a 
flaxen fibre, hang from a wire pro- 
jecting from the can. If now we 
electrixe the metallic can, with its 
contained chain, by an excited glass 
tube, the pith balls diverge to a cer- 
tain extent ; but if we afterwards lift 
up one end of thePcoiled chain, by 
ti^g hold of the silken thread s, and thus draw it out 
gradcudly, we find that the divergency of the electro- 
•oopic balls gradually lessens ; and when a great por- 
tion of the chain is lifted out of the can, the divergency 
r 
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isaiffar dinuniihedfti to be teareely perceptible. We now 
drop the chain gradually into the can, and you will observe 
the pith balls begin to separate from each other again : 
and the more so as a greater portion of the chain returns 
to the can ; and when the whole of it has returned the 
divergency is nearly, though not quite, as great as at first. 

Tl^ is one of those experiments from which much, 
information is to be obtained, and gives us a good idea 
of the true value of electroscopic indications': by show- 
ing us that one and the same quantity of the electric 
finid will exert a greater, or a lesser degree of repul- 
sive force, accordingly with circumstances. When the 
whole of the chain is within the can, the metallic surface 
exposed to the surrounding electric pressure is less than 
when the chain is drawn out : and, consequently, the 
electric force is more condensed^ and has to operate 
against a extent of pressing surface under the former 
than under the latter circumstances. But when the 
electric force has to operate against a le$9 extent of 
pressing surface, it presses more intensely against each 
individual point of that surface. And as the divergency 
of the pith balls was greatest under those circum- 
stances, we learn that the greatest degree of divergency 
indicates the greatest degree of intensity^ without any 
reference whatever to the absolute quantity of fiuid 
in operation. 

Another method of show- Pig. 80. 

log this fact, is by means of 
the instrument represented 
by Fig. 20, which consists, 
principally, of a metal wind- 
lass A, round which is wound 
abroad fiexible metallic strap 
c, with its silken cord d, an 
diectroscope e, and a glass 
handle b: the whole l^iiig 
supported by two glass pil- 
lan fixed into a xmdiogany 
base. We first electrize the 
insulated part of the appara- 
tus by the apjdication of the 
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excited glm tube, ou the withdrawal of which the eleetro- 
•copicb^la are left iu a divergent state. We now take hold 
of silken cord n, and by pulling at it, unwind theme* 
tallio strap, and thus expose to the surrounding air a more 
extended electrized surface. The pith balls fall closer to* 
gether in proportion as this surface extends, until the 
electric force becomes so far attenuated that it is unable 
*to cause any divergency whatever. On turning the 
glass handle, and thus winding up the metallic strap, the 
pith balls again indicate electric action, which becomes 
more and more powerful as the strap is more coiled on 
the windlass ; and when it is wholly coiled up, the angle 
of divergency is nearly the same as at first; showing 
again that the communicated fluid was not lost by the 
unwinding of the strap, but that it was merely attenuated 
by exposure to a more extensive surface of the constant* 
surrounding statical electric pressure. 

The most exact measurer of electric intensityy or the 
intensity of electric forces^ is one extensively employed 
by M. Coulomb ; and by that philosopher called the 
electrical balance : a term very appropriate to this instru* 
ment, because by its means we are enabled to establish 
an equilibrium between an electric force and another 
force, the minutest quantities of which are susceptible 
of very exact measurement. The force thus employed 
to measure the electric force of any body under contem* 
plation, is called the force of torsion ; which is the effort 
made by a thread which has been twisted, to untwist 
itself and return to its former state. If, for instance, 
A B, Fig. 21, represent a thread or 
thin metallic wire, carrying the 
horizontal lever £ d, and the 
whole at rest, it is obvious that 
the lever will assume a certain 
direction; and for convenience 
of illustration, we will suppose 
that it hangs in the plane of tiie mttridiaii, with n 

* The snmnnidiiig nr eiw i r e may be eonaldefed at consiaiU, 
or uniform, for the Aort time oeenpied by the 
thoeih ibi fiaetaetioas atfa oeessioaeUy very frost. 


FJf, 21. 




64 


towards the north, and i towards the south. If, 
now, we move either end of the lever, whether east- 
ward or westward, the thread being fixed at its upper end, 
would become twisted in proportion to the number 
of degrees of the horizontal circle through which 
each extremity £ and o passed ; and if we would re- 
tain the thread in this state of torsion, we must employ « 
a resisting force to the lever, sufiScient to Jmlance the 
thread’s efibrt to untwist itself; the counterbalancing 
force required would be less in proportion to its distance 
from the centre of motion ; and, consequently, least of 
aU, or at a nnnimum, when applied to the extremity 
X, or D, of the lever. 

The operating principle of the torsion Wg* 82. 
balance electrometer being now explain- 
ed, the structure and employment of the 
instrument will be easily understood. 

It is represented by Fig. 22. The lower 
part A, is a wide cylindrical glass vessel, 
with its mouth downwards, and ce- 
mented to a wooden base. Over a 
perforation in the centre of the top of 
this vessel, rises a tall glass tube, sur- 
mounted by a brass cap and a horizontal 
plate, divided into 360°. Through the 
centre of the graduated plate passes a 
small cylindric brass pin, which can be 
turned freely in the hole: its upper 
end carries an index, and its lower end 
carries a small pincer, which holds 
the upper extremity of a thin silver wire, 
at whose bottom is suspended a little brass cylinder u, 
to keep it stretched. This cylinder is split in the direc- 
tion of its length, and holds a little lever at right 
angles to its own axis. One arm of this lever is 
made of a piece of stout silken thread, covered by 4ac 
varnish, and terminated by a small circular plane E, of gilt 
paper. The other arm is of copper wire of a proper len^ 
to establish horixontali^ of the whole lever. The top of 
the large cylindrical glass vessel has another opening, 
through which passes, vertically, a brass wirer, tenmna- 
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ted both at top and bottom with a imall braaa ball : the 
lower of which is in the same horizontal plane as that in 
which the lever moves, and at the same distance fh>m the 
centre of motion as the gilt disc at the %nd of the lever. 

When using this instrument, we first turn the brass 
cap c, at the top of the tube, imtil the gilt disc just 
touches the lower ball of the wire f. A slight electric 
*force is commimicated to that ball, and also to the gilt 
disk, by toaching the upper ball f, with the electrized 
body under examination. The disc s, is immediately 
repelled from the fixed ball, and rests at some angular 
distance, the amount of which is ascertained by the 
graduated arch on the side of the large glass vessel. 
The silver wire is, consequently, twisted to the same 
extent : and the electric force of repulsion just balances 
the torsion force of the wire. If, now, we neutralize the 
electric action of the instrument, the gilt disc £, returns 
to the fixed ball again ; and by applying another electriz^ 
body to the ball f, the disc is again repelled to a greater 
or a less distance than before, accordingly as Uie last 
communicated force was greater or less than the first one. 

When two or more electric forces are to be accurately 
compared with each other, we choose a certain distance 
between the ball and the disc, at which all the forces 
under contemplation shall operate. This is efiected by 
turning the index on the graduated brass circle, until 
the disc is at the standard distance from the fixed ball, 
and the numbers of degrees which the index has passed 
over, added to those between the moveable disc and the 
fixed ball, give the exact twist of the torsion wire ; or, 
if you please, of the force of torsion which just balances 
the electro-repulsive force at that distance. 

If, for instance, the standard distance between the 
fixed ball and the moveable disc be 10°, and that I find 
the repulsive force is such, in one case, as to require the 
index to pass over 90°, in order to bring the disc back 
to within 10° of the ball ; and in another case the index 
has to pass over 190°, before the disc will stand at the 
the 10° from the ball ; then as the number of degrees 
passed over by the index, added to the 10° in each case, 
is the measure of the force oi torsion in the wire ; and, 
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M these torsion forces are exactly balanced by the respec- 
live electric forces at the standard distance of 10*^, they 
are the exact measurers of those latter forces: and, 
therefore, the electro-repulsive forces were as 100 to> 
200 ; or, as 1 to 2. 

LECTURE VI. 

Although we are very far from having exhausted the 
electrosoopic class of phenomena, it may be prudent, at 
this period of our illustrations, to direct your attention 
to the structure, management, and uses of other pieces 
of apparatus of a somewhat more formidable character, 
and by means of which we shall be enabled to pass 
through a great number of illustrative experiments, and 
show some of the principles of electric action to a much 
greater advantage than by the employment of those 
simple and delicate instruments which we have hitherto 
operated with. 

I will first describe to you the electric machine, an 
instrument of general use amongst electricians whilst 
performing many of their favourite experiments. There 
are, however, at this time, two distinct forms of electri- 
cal machines, both of which are in general use. One 
of these is called the cylindrical machine, the other the 
flaie machine. Some persons prefer one of these ma- 
chines and some the other : but as the cylinder machine 
is more commonly used than the plate one, I will des- 
cribe it first 
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The principal operating parts of this machine consist 
of a cyUnder of glass and a flexible cushion ; whick> by 
nibbing against each other, excite the electric fluid in 
precisely the same manner as it is excited on the sur&oe 
of the glass tube, or on sealing-wax. Fig. 23 is a re- 
presentation of a cylinder machine ; in which b is a stout 
mahogany board, and, in some cases, well varnished 
* also. Both are useful, inasmuch as, if the upper surface 
of this boal^d were not so finished, the fibres of the wood 
would be apt to draw off some of the fluid which had 
been excited ; and would, consequently, lessen the dis- 
poseable part which was intended for experiment. This 
board forms the basis of the instrument, t, y is a cy- 
linder of glass, supported on two pillars, whose lower ex- 
tremities are well fastened into the board b. The glass 
cylinder has an open neck at each end and on each of 
these necks a cap of wood is firmly cemented. Each 
wooden cap has a projecting cylindrical pin, formed of 
the same piece of wood. When the caps are cemented 
to their respective necks of the glass, these pins ought to 
be situated in the axis of the cylinder continued ; because 
they form the pivots on which the cylinder rotates when 
the machine is in action. Proper pivot holes in the up- 
per ends of the two supporting pillars are provided for 
the reception of these pivots. 

To one end of this axle is attached a handle, or winch, 
as seen in the figure, for the purpose of turning the cy- 
linder. On the further side of the cylinder is a cushion, 
mounted on a glass stem, the lower end of which is fixed 
in a piece of wood that slides in a dovetailed groove in 
the base-board. There is also a set^screw attached to 
this piece of mechanism, all of which will be understood 
by looking at the fis^. This sliding piece is for the 
purpose (? pressing ue cushion more or leu against the 
surface of me cylinder, and the screw is to hold it fast at 
its place when the required pressure is obtained. The 
cu^on is frequently called we rubber » It is furnished 
with a silken flap, one end of whiqjh is sewed to Uie up- 
per side of the rubber, and the other part lies on the up- 
per surface oi the cylinder, in the manner shown in the 
figure. This piece of silk is intended to prevent the ex- 
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eited fluid from flying off into the atm^here, until it 
arrives at the extreme edge, where it is attracted and 
taken from the cylinder by a row of metallic points, 
which are attached to one end of the prime condnctor 
c c. The prime conductor, being supported on a pillar of 
glass, o, is insulated, and from it the fluid can be trans- 
mitted to other pieces of apparatus for experiment. The 
cushion is also insulated ; and some experimenters think 
it necessary that the glass cylinder should be* insulated, 
for which purpose they have its supports of glass. For 
my own part, 1 do not see the necessity of having the 
cylinder insulated. 

There are many particulars to be attended to in order 
to make a machine work well. Every part of it ought 
to be quite free from dust and moisture ; and the glass 
parts of it somewhat warm. The face of the cushion 
which rubs against the glass cylinder must be covered 
with an amalgam of zinc, of about the consistency of 
butter, and mixed up with a little tallow from a candle, 
in the manner already described. It must also be con- 
nected with the ground by means of a copper wire of 
about the diameter of bell-wire, or with a metallic chain. 
When these precautions are properly attended to, the 
machine usually works well, especially in a warm and 
dry room, which is better adapted for electrical experi- 
ments with the machine than in any other situation. 

The machine being now in good order, we will take 
away the prime conductor, and put the cylinder into 
motion. You will now observe an immense quantity of 
the electric fluid darting from the edge of the silken flap 
into the air, and several bright sparks passing round 
the surface of the revolving cylinder. These appearances 
are exceedingly beautiful when the room is darkened ; 
and they may be produced for a long time together by 
continuing the motion of the machine. If you hold tlie 
ends of your fingers towards the silken flap, the nails 
will be curiously tipped with luminous matter, and the 
whde of the fluid excited by the machine will lemi to- 
wards them, and scarcely any sparks will be seen travel- 
ling round (he glass cylinder. In this case your fingers 
attract the fluid, and draw it from the sur&ce of the 
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excited cylinder, nnd it is carried away to the ground by 
yourself, the door, and other materi^ of the buildiiw ; 
all of which are sufficiently good conductors for this 
purpose. 

Let us now insulate the cushion by removing from it 
the copper wire. You will now find that the machine 
produces but a veiy small quantity of fiuid ; the reason 
of which is, that when it has part^ with that which na- 
turally beldhged to the cushion, it can yield no more, ex- 
cepting some small portion which it receives from the 
atmosphere. But when the cushion is in metallic con- 
nexion with the ground by means of the copper wire, or 
when the hand is placed on it, it gets an abundant sup- 
ply from that source. Hence, whatever quantity of 
fluid is drawn off* by your fingers when presented to the 
edge of the silken flap, a similar portion is immediately 
supplied to the cushion from the ground. In many 
experiments, as you will see in a future lecture, we dis- 
pense with the copper wire, and have the cushion pur- 
posely insulated. 

Let us now turn the points of the prime conductor 
towards the cylinder, taking care that they do not touch 
it. Now turn the machine, and you wUl observe that 
these metallic points are all tipped with small luminous 
stars. They are receiving the electric fiuid, and con- 
veying it to the prime conductor. 

You will see ^at there is a metallic ball and stem at- 
tached to that end of the prime conductor which is 
furthest from the cylinder. This ball is screwed to the 
stem, and may be removed from it at pleasure, for 
the purpose of exposing the sharp-pointed termination 
of the stem. 

When this sharp point is uncovered, and the machine 
in good action, you will observe a beautiful brush of 
electric light proceeding from it ; and if you present the 
back of your hand to ^is brush, a singular and rather 
pleasant sensation, Sbmething like a gentle stream of 
wind, is experienced. This stream of electric matter is 
usually call^ the electrical aura. When a smooth me- 
tallic ball is presented to the point, a series of exceed- 
ingly minute sparks are observed ; but when another fine 



70 


metallic point if presented to it, this latter if tipped with 
a spot of light. Kow, as the point which is attached 
to the prime conductor is deliTering the fluid and the 
other receiving it, we have these two distinct kinds of 
phenomena produced. The delivering point exhibits a 
brush, and the receiving one a star. These peculiarities 
of the delivering and receiving points are of high im- 
portance in some electrical contemplations, as by these* 
indications alone we are enabled to ascertain ^he 
electric states of different bodies, and of the dif- 
ferent parts of one and the same body, through which 
the electric fluid is transmitted ; and to discover analogies 
not easily detected independently of these phenomena. 

We will now screw on the ball, and thus cover the 
metallic point ; you will now find that a series of beau- 
tiful sparks pass from the ball of the prime conductor to 
another ball presented to it. The snapping noise which 
these sparks make is occasioned by a sudden coUapsion 
of the air, which becomes displaced by the electric fluid 
whilst jumping from one ball to the other. It is from a 
similar circumstance, only on a larger scale, that thunder 
is produced, by the lightning which darts from the 
clouds. In miniature, lightning is very beautifully imi- 
tated by the sparks which traverse the air from the 
prime conductor to the other ball ; especially when the 
ball from which the sparks proceed is rather small. 
You will now perceive that the sparks which pass from 
the small ball in the end of the conductor, are ten or 
twelve inches in length, and that they travel through the 
air in zig-xag paths, in precisely the same manner as you 
may have observed lightning traversing the air. The 
crooked paths of the sparks are occasioned by the resis- 
tance which the electric fluid meets with in the air, 
and the same remark is applicable to lightning. When 
the fluid first sets out, it dnves a portion of air before it, 
and thus suddenly condensing it in the direction of its 
path, causes a greater resistance in that direction than in 
any other. This being accomplished, the electric fluid 
fin^g an easier path sideways, becomes deflected flrom 
the odginal one ; and as it pM^orms the same operation 
on the air in the new path as in the old one, it is again 
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•uddenly deflected : and thoi, by a rapid series of de- 
flectionSi arising from the same cause, the fluid is com- 
pelled to move in a crooked path through the air, tiU it 
reaches its destination. There is also another cause 
which assists the resistance of the compressed air in pro- 
ducing these deflections of the electric fluid. The com- 
jiressed air, in front of the spark, becomes highly charged 
with electric fluid, which thus operates repulsively on 
the approaching spark, and tends to drive it out of its 
direct course. 

Approach the ball of the prime conductor with the 
back part of your hand, and you will receive a series of 
sparks which produce a sharp burning sensation. You 
may have on your glove, and still the sparks will arrive 
at your hand ; and by presenting your arm to the ball, 
you will find that they pass through your coat sleeve. 
As we proceed, I shall have to show you that the electric 
fluid is capable of perforating, and even tearing to pieces, 
those bodies which are not good conductors. 

If, instead of a ball, you present a sharp-pointed wire 
to the prime conductor, you no longer get any spark ; 
but you will observe a pretty little luminous star on the 
point, which shows that it is receiving the fluid in a 
silent and almost imperceptible manner. Hold the 
point with one hand towards the prime conductor, and 
with the other hand present a ball to it. You get no 
sparks under those circumstances, although the machine 
is in good order ; but if you take away the pointed wire, 
you immediately get a series of sparks. Now, these are 
exceedingly interesting facts, by teaching us that sharp 
metallic points have great influence in drawing off the 
electric fluid from those bodies which are charged with 
it* You may place the pointed wire at the distance of 
senpral inches from the prime conductor, and still it has 
the power of attracting the fluid from that apparatus to 
a great extent. You may try vegetable points, such as 
thorns, the points ot green leaves, &c., and you will 
find that aU of them have the same property as the me- 
tallic point, in drawing off the electric fluid. A bunch 
of grass held at a few inches distance flom the prime con- 
ductor, robs it of all the fluid that is communicated to it 
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by the machine. You will now see the neoeasify of 
keeping all kinds of sharp-pointed articles entirely away 
from the prime conductor, otherwise much of the fluid 
intended for experiment would be lost by means of 
them. 

The plate machine, as usually constructed, is repre- 
sented by Fig. 24 ; and consists of a stout di^ of plat^ 
glass, support^ in a wooden frame by means of a hori- 
zontal metal axle, which passes through its centre. 


Rg. 24. 



The glass plate is rotated on its axle by tumiiy the 
handle attached to one end of it ; and, by means of four 
rubbers, one on each fSme at its hwest side, and one on 
each fiue at its upper side, it brings into play a con- 
siderable quantity of the electric fluid. The prime con- 
ductor of this machine, is invariably of brass, consisting 
of two bent arms, which proceed frW a centre<^ece, as 
represented in the figure. The prime conductor is in- 
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sulated by being supported on a stout, solid, borixontal 
glass cylinder ; one end of which is attach^ to one of 
5ie upright cheeks of the wooden frame. To each rub- 
ber is attached a silken flap, which reaches to the hori- 
zontal diameter of the glass plate. At these remote 
edges of the silken flaps Uie prime conductor presents a 
^ series of sharp metallic points, which collect the excited 
electric flu^d, and thus charge the conductor, and such 
other pieces of apparatus as may be placed in contact 
with it. There are certain contrivances by means of 
which the prime conductor, rubbers, &c., can easily be 
removed from their places, when such removals are 
required for cleaning, amalgamating, &c. 

The plate electrical machine belonging to this institu- 
tion, is somewhat difierently constructed to that last 
described. Its vertical glass disc is four feet in diame- 
ter, which is excited by four rubbers in the same 
manner as by those in the last described machine. 
The rubbers of this machine,* however, are placed in 
the horizontal diameter of the glass plate, and are 
supported by the two glass pillars o o, o o, which rise 
from the ends of the mahogany frame f f, f r. From 
the two opposite sides of &e fVame f f, f f, rise four 
mahogany pillars e z, s x, s x, e b, two on each side : 
and each two is surmoimted and joined by a cross piece, 
also of mahogany. One pair of these pillars, with their 
cross piece, is seen in front of the glass plate, and the 
other, which is behind the glass, is represented as seen 
partly through the glass and partly on one side of it. 
The axle of the disc rests on these two cross pieces, and 
with the disc revolves in brass bushes, by means of the 
hand applied to the winch, seen through the glass at the 
farther extremity. In the centre of £he cross piece on 
this side of the glass plate, is lodged one end of a stout 
cylindric glass bar o g, which prefects horizontally, and 
carries the large curved brass conductor c c, c c, with its 
projecting horizontaf brass cylinder terminating with the 
ur^ sphere c. Each arm of the prime conductor ter - 
minates by a cylinder of brass, parallel to the plane of 
the glass {date ; each of which is furnished with a series 
o 

* See Frontispiece. 



74 


of pointed wires, foi the purpose of collecting the excited 
fluid at the edges of the silken flaps s s, s s, which are 
attached to the two pairs of rubbers. Here is also a ne» 
native conductor o o, the principal part of which passes 
horizontally behind the glass plate : it is bent towards 
its ends for the purpose of adapting them to the tops of 
the glass pillars o o, o o, on which they are fixed, be- 
ing screwed firmly down to them, by the brass balls b b. 
The central part of this negative conductor is supported 
by the glass pillar p. Thb is a superb piece of appara- 
tus, and woriu exceedingly well. It was made to order, 
by Watkins and Hill, Charing Cross, London, expressly 
for the institution. 

The particulars I have already pointed out respecting 
other electric machines, such as keeping them clean, 
warm, and dry, are applicable also to this magnificent 
instrument, and, indeed, to all kinds of electrical appara- 
tus. Every particle of dust presents a virtual point to 
the surrounding air, and delivers to it a great quantity 
of fluid as decidedly as the metallic point at the extrem- 
ity of the prime conductor delivered fluid to the air in one 
of our previous experiments. If you will now pay at- 
tention to the prime conductor, which was perfectly 
clean when the machine was first put into action, you 
will observe that it is completely covered with a film of 
the finest particles of dust, which looks almost like smoke. 
This covering has been formed by virtue of the prime 
conductor, whilst in an electric condition, attracting 
the dust from the contiguous air ; and now, instead of 
presenting a smooth surface, it presents an asperous one ; 
every point of which loses some portion of the electric 
fluid which passed to it from the machine, and conse- 
quently, under these circumstances, you have not so 
much disposable electric fluid from the prime conductor 
^or experiment, as when that apparatus was perfectly free 
from dust ; and as every other piece of apparatus, whilst 
in use, would loose the electnc fluidanto &e air, from a 
similar cause, you will be sensible not only of the advan- 
tages, but even of the necessity, of keeping every part of 
an elMtric apparatus perfectly clean. Hence, abo, every 
part of the surface of those instruments that are not in- 
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tended to dissipate the electric fluid in the air, whether 
they may be constructed of wood, ivory, or metallic matter, 
ought to have their surfaces well polished, as convex as 
possible, and without sharp edges ; even the operations of 
the milling tool should be carefully avoided. The ^oas of 
fluid from any piece of apparatus, from these or any 
other causes, may be very correctly called dissipation. 

Now, often happens that one or more of the 
collecting points of the prime conductor, dissipates 
the fluid whilst the others are collecting it ; and especi- 
ally when the prime conductor is well insulated. This 
fact may be ascertained by looking at the points whilst 
the machine is in motion ; for the receiving points are 
tipped with a luminous star, and the delivering points 
e]^ibit pencils of electric light. This kind of dissipa- 
tion occurs most frequently from the outermost points 
of the series. 

There is also another source of loss of fluid which it 
may be well to mention in this place. If the rubber has 
been newly amalgamated, the surface of the revolving 
glass becomes partially covered with streaks of the amal- 
gam after it has been in action for a short time ; and as 
these streaks are of metallic constitution they are con- 
ductors, and carry a portion of the excited fluid entirely 
round to the rubber again, and thus prevent it from 
being taken up by the collecting points belonging to the 
prime conductor. When this happens, the prime con- 
ductor gives but very feeble sparks, or any other indica- 
tion of electric action ; indeed, the machine is out of 
order. Therefore these streaks and spots of amalgam, 
which stick to the surface of the glass plate, must be im- 
mediately removed as fast as they appear. 

The distribution of electric fluid over the surface of 
bodies, is a topic of great Importance in the study of this, 
branch of physics, whether it be viewed in a theoretical 
or in a practical TOint of view. With non-conducting 
bodies a dissemination of the fluid over the whole sur- 
face is not easily attained within any moderate limit of 
time, whilst on the surface of go^ conductors, it is 
accomplished in a moment; and, therefore, the best 
conductors, the metals, for instance, are adapted 
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for contemplating the laws of electnc distribntion. 

Let U8 suppose that we have two flat pieces of metal 
of equal surface insulated, and that I communicate to 
each piece a certain quantity of the electric fluid. Now 
as each piece has received the same quantity they will 
both be electric alike ; and, because they have equal 
powers of dissemination, the distribution of the fluid in 
the one piece will be equal to the distribution in the * 
other : for, although the distribution will nofbe equable 
over the whole of the surface of either of them, it 
will be similar in both pieces ; so that the electric forces 
at the centre and at the edge of one plate, will, respec- 
tively, be equal to the electric forces at the centre and at 
the edge of the other. 

The same reasoning holds good with metallic cylinders 
with convex ends, such as the prime conductor of the 
cylindrical machine. Similar portions of the electric 
fluid on each cylinder will render them similarly electric 
on corresponding parts of their surfaces, But in no 
instance can the distribution be equable unless the body 
be perfectly spherical, and surrounded on every side 
by equable electric forces. On this subject 1 shall have 
much more to say in a future lecture, my present object 
being only to show you that, with the same electric 
macldne the electric forces exhibited by the prime con- 
ductor will vary with its size and figure. 

If the prime conductor be spherical, as is sometimes 
the case, you may take a spark from any side of it you 
please, and you will find the pungency of that spark nearly 
alike fl^om whichever side of the sphere it be taken ; 
more especially if the sphere be not of large dimensions. 
But if the conductor be a long narrow cylinder with 
convex ends, the pungency of the sparks k greater from 
the end most remote from the machine, than from its sides. 

Now, in order to become acquainted with the eflects of 
prime conductors of different magnitudes, for the same 
machine, it will be necessaiy that we first make ourselves 
acquainted with the electric conditions of two unequal 
mMaUio bodies charged with similar quantities of the 
deotrie fluid. If, for instance, I were to employ two 
insulated metallic spheres, whose aurfimes were as 
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one to two (one a square foot, the other two 
square feet), and to each sphere I were to trans- 
mit a certain quantity of the electric fluid, say 
ten particles ; it is very obvious that as these ten par- 
ticles occupied only half the space on one of these spheres 
as on the other, the electric density on the small sphere 
•would be twice the electric density on the large one : 
and as the intensity of the force depends upon, and is 
proportional to, the density of tl\e fluid, the intensity of 
force on the smaller sphere is twice that on the larger. 

Now, although, as I have before stated, the electric 
condition of a cylindrical conductor is not equable on 
every part of its surface, yet the mean intensity of force 
in the prime conductor with the same machine, will be 
in some inverse ratio of the size of the conductor : or, in 
other words, a small conductor becomes more intensely 
charged than a large one. On tlie other hand again, the 
quantity of fluid which a conductor can hold, at a maxi- 
mum intensity t is in some direct ratio of its size ; or, if 
you please, a large conductor will hold more fluid than 
a small one. But it must be observed, that a large con- 
ductor, by exposing a more extensive surface to the 
surrounding air than that exposed by a smaller one, has 
a better opportunity of dissipating the fluid ; and would 
requirt a larger supply from the machine to keep up any 
certain degree of intensity. There is also another point 
to be taken into consideration. When two conductors 
of the same magnitude are charged to diflerent degrees 
of intensity, that which has the highest intensity will 
have the greatest propelling force ; and, consequently, 
will have the greatest dissipating power from the same 
extent of surface. But it is found by experience, that 
the dissipation from a large conductor is much greater 
than from a small one, when attached to a small machine. 
Therefore, from all these considerations, it appears, that 
with a glan cylinder qf certain dimensions, say ten inches 
diameter and fifteen inches long, we may keep a tolerable 
sized prime conductor continually charged to a high 
degree of intensity : but that the same cylinder could 
not keep up the same degree of electric intensity 
in a very large conductor. Indeed, the surfkoe of a 
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conductor might be so large as to dissipate the greater 
portion of the whole fluid excited by the machine. 

Again, the striking distance (or the thickness of the 
plate of air that the first spark from a conductor will 
penetrate), is proportional to the intensity of the fluid 
in that partictdar ^rt of the conductor from which the 
spark is taken : therefore the higher the intensity the 
greater the length of the first spark. 1 her^ take into 
calculation the first spark only ; because after the plate 
of air is ofice broken through, the succeeding sparks of 
a series will be regulated by the quantity as well as 
by the intensity of the fluid transmitted. 

Let us now suppose that a spark taken from a con- 
ductor at a certain distance, is constituted of the* whole 
quantity of fluid which the conductor contained at the 
precise time of its emission, and that the degree of in- 
tensity is constantly the same. It is very obvious that 
a spark from a large conductor would be more powerful 
thim a spark taken from a small one ; because there is 
more fluid in the spark from the large conductor than 
in that from the small one, and because the velocity is 
the same in both cases. Therefore, in order to obtain 
formidable sparks from the action of a machine of any 

S ’ven power, we must endeavour to regulate the size of 
e conductor to the j^wer of the mach^ine. If too 
small the sparks will be small, pungent, and rapid. 
They are sm^l and rapidly produced because the quan- 
tity of fluid constituting each spark is small, and the 
supply is comparatively great : and they are pungent 
bemuse they are dischu*^ with mat velocity, and im- 
pinge on a mere point on the skin. If the conductor be too 
large, the intensity of the fluid can never rise to a great 
height, when the aparka are rapidly delivered bemuse 
the aupply cannot be kept up by the machine. The 
sparks at a maximum intenaity will be infrequent, and 
ml produce a dull heavy blow to any person taking 
them* But when the conductor is ^ a proper siae to 

a t well supplied at a high intensity, the sparks are 
vered rapidly, are extremely severe on any part at 
the body on wl^ they impinge, give a brilliant white 
aro produce a eontinuous rattling noiae. 
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When the glass cylinder of a machine is of the dimen> 
sions 'already stated, the cylindrical prime conductor 
with conyex ends may be three feet long and six inches 
diameter : and the supply of fluid will be sufficient for a 
discharge of sparks of great intensity and power. As the 
greatest degree of intensity of a prime conductor is inva- 
•rtably found at its remote end, and greater in proportion 
to the sm^ness of the bail which terminates the con- 
ductor, the striking distance is greater ; and consequently 
the sparks are longer when taken from a small ball than 
from a large one. We will prove this fact by the fol- 
lowing experiment with our large plate machine, repre- 
sented in the frontispiece. 

In the end c, of the prime conductor, 1 fix the appa- 
ratus ABC, Fig. 25, which is a bent brass wire with a 
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ball at each end, one of which is much larger than the 
other. To the bend of the wire is fasten^ a stem, a, 
to be introduced to the hole in the end of the conductor. 
1 will now take sparks fVom the large ball a, to another 
ball D, which I hold in my hand, and you will observe 
that when the distance between them is small the sparks 
are very large and dense, and give a bright white light, 
with a great deal of noise ; and if 1 stand on a chain, or 
any other metal which is in good connexion with the 
ground, I feel a dull, heavy, disagreeable blow on my 
shin and ande bones. I wiU now withdraw my hand 
farther from the ball of the conductor, and you will 
perceive that sparks are not so frequent as before, but 
that they are more brilliant, and noiake a greater noise, 
and the shocks on my len ate much more severe. 
When I separate the twobausto about three inches, the 
sparks appear at very distant intervals, and a liitlefrirther 
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off they entirely disappear. Certainly none can pass 
throngh four in^es of air. 

Having now ascertained the maximum length of 
a spark from the large ball a, I will show you 
what will happen at the small ball c. You perceive 
that I can take a spark from this ball when the ball in 
my hand is five or six inches distant from it ; and by 
increasing that distance gradually, I obtain a stream of 
sparks ten or twelve inches long ; and in some cases they 
may be made to pass through a space of eighteen 
inches. In this case, the sparks have none of that 
brilliancy of white light as is developed by the sparks 
taken from the larger ball ; they are of a reddish colour, 
inclining to purple, and travel in very crooked lines for 
reasons already explained. Whilst these long straggling 
sparks are passing between the two balls, there is a great 
dissipation of fiuid into the surrounding medium, as you 
may see very clearly when the room is well darkened. 
The dissipating part of the fiuid forms beautiful ramifi- 
cations of purple light, which dart into the air from the 
angles of the zig-zag path described by the main body of 
the stream of sparks. 

From these experimental facts, we learn that sparks, 
of different lengtl^ are producible by the same machine, 
even when in one and the same state of action : there- 
fore, the relaUve powers of two, or more machines, 
casnot be ascertained by the length of sparks delivered 
by their prime conductors, unless the balls from which 
their sparks are taken be of the same size and at the 
same distance from the remote end of every prime con- 
ductor; and even those conductors should also be of 
the same size, figure, polish, &c., and similarly insu- 
lated, to give an approximation to their relative powers 
by the criterion of sparks alone. 

It is an universal law in electricity, though little 
noticed by the generality of writers pn this subject, that 
whenever a body is delivering the electric fiuid to another 
body« the former is eUctro^jposUivt to the latter ; and, aa 
the terms poririee and negative refer to the relative 
inieiuUies only, without any reference whatever to the 
relative guaaitltet of fluid ibtA the bodies absolutely oon- 
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tain, it is olnrioas that in all cases where a transference 
of fluid takes place, the delivering body most be more 
intensely charged than the receiving one. 

From this train of reasoning, and from the fact that 
the luminous star and brush of electric matter indicate 
reeeivmg and delivering points respectively, we easily 
asoertain that the collecting points of the prime con- 
ductor is electro-negative to the revolving excited glass ; 
and the remote point which exhibits the electric pencil 
or brush of ligh^ is electro-positive to the surrounding 
air. Moreover, since the prime conductor experiences a 
greater electric pressure at that extremity presented to 
the revolving glass, than at the remote one, it is electro- 
polar : the remote extremity being positive to the one 
nearest the excited glass : therefore, the remote extre- 
mis of the prime conductor is not only electro-positive 
with regard to the surrounding air, but also with regard 
to the other parts of its own body. 

If now we arrange a series of insulated pointed wires in 
the manner represented by Fig. 26 , having one end of the 

Fig. 26. 



series directed to the pointed wire in the end of the prime 
conductor, and the remote extremity of the series in the 
opposite direction, the whole series of points will become 
luminous the moment that the machine is put to work. 
The point prelecting from the prime conductor, and the 
remote point in every win will .throw out a brush of 
electric fluid into the vicinal air ; and the nearest points 
will be tipped with electric stai^ indicating that those 
points are occupied in receiving fluid at the same 
time.* If a wire conliected with the last in this series, 
have its remote extremity presented to another projecting 
flrom the insulated rubber of the machine, the latter wire 
will exhibit the star, and the presented point of the 
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former will throw to it copiooe brushes of luminous elec- 
tric matter. From thes^ indications we ha^e ocular 
demonstration of the electro-polarization of every wire in 
the series, as well as of that of the prime conductor itself : 
and as the rubber receives fluid on its outer surface, and 
delivers it from its inner surface to the surface of the 
revolving glass, it becomes evident that the rubber js 
also electro-polar, and that its inner surface is positive 
to the glass which it feeds with electric flufd. 

Having thus ocularly ascertained the relative electric 
conditions of the different parts of all the metals in the 
series : we can easily, by analogy, determine the electric 
states of the plates of air which lie between them : for, 
since one side of each plate of air receives fluid from 
the pencilled point of a wire, and the other side delivers 
it again to the star-tipped*point of the next wire, it fol- 
lows that each plate of air is electro-polar : having its 
negative surface presented to the electric penct7, ^d its 
positive surface towards the electric star. 

Let us next join the prime conductor with the nega- 
tive conductor by means of a copper wire. Under 
these circumstances, the apparatus gives no signs of 
electric action, excepting at ^e collecting points of the 
prime conductor, which are all tipped with the usual 
start; occasionally, however, we observe the electric 
fluid dancing between the rubber and the revolving glass 
plate. These indications are sufficient, of themselves, 
to assure us of the machine being in good action ; which 
may at any time be farther proved, if necessary, by re- 
moving one end of the wire from the prime conductor, 
and, whilst still bolding it, presenting the other hand 
to the conductor thus insulated : a series of powerful 
sparks will immediately strike the hand. 

Being thus satisfied that the electric action of the 
machine proceeds with vigour when the two conductors 
are connected by means of a good conducting wire, and 
that the luminous stars still indicate their eoUecting oc- 
cupation, we very naturally infer that the apparatus is 
exciting and keeping in motion its own elrotric fluid, 
working it over and over again, and thus driving it 
through the collecting points, and consequentlj through 
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every other part of the apparatns, in a continaous ci<r- 
rent or electric ttream. 

IT we cut open any part of the insulated connecting 
wire, and separate the points thus made to about an 
inch apart, the electrical star and pencil again appear, 
and indicate the current still flowing in its former direc- 
tion ; and if the series of wires, Fig. 26, be again in- 
t^uced to the circuit, the previously shown phenomena 
re-appear in All their beauty, and in their usual instruc- 
tive capacity ; teaching us that the atmospheric air is 
polarizable and penetrable, and that electric currents 
can find channels through that medium as decidedly at 
through the best conducting bodies. The phenomena 
displayed by electric currents are amongst the most in- 
teresting in this branch of physics. 1 shall treat on 
these phenomena very extensively in my lectures on 
voltuc, thermo, and magnetic electricity ; in which we 
shall have to employ various pieces of apparatus, better 
calculated than the glass machine for displaying thetti 
to advantage. 


LECTURE VII. 

The electrical light which was sofli^iantly exhibited 
in some of our experiments in the last lecture, is capable 
of being moulded into a great variety of very beautiful 
experiments, some of which I will presently show you. 
You have already seen that a spark taken from the prime 
conductor is capable of penetrating and making its way 
through a stratum of air, of the usual density, more than 
twelve inches in thickness ; and it will traverse a much 
thicker plate of air that is attenuated, because, when 
in the latter condition, the air is a much better conductor 
than when it is dense : but in proportion as we attenuate 
the air through which a current of electric sparks is 
passing, the light becomes more feeble, and that brilliancy 
which the electric fluid exhibits in air of the common 
density, is entirely lost in highly attenuated air. 

There is an mq>eiinient, however, usually called the 
FaUing Star experiment, and of which 1 shall speak 
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more particularly in a future lecture, in which the light 
is very brilliant when the air is attenuated to a certain 
degree ; but in that case we transmit a greater quantity 
of the electric fluid in one spark, than can be accumu- 
lated on the surface of the prime conductor, for wliich 
purpose we employ an instrument called the Leyden jar. 

A very aitnple piece of apparatus for showing the 
electrical light in a pleasing manner, is made by a few 
leaden shot (duck-shot, for instance), strung on a 
thread of silk, keeping a space of about one-tenSi of an 
inch between every two. Twenty or thirty, or even 
more, of these small globes, thus arranged, and the 
ends of the thread cut, or burnt, close to the extreme 
globes of the series, so that no loose ragged end may 
interfere with the experiment, are to be held by one of 
the extreme shot between t^ finger and thumb, and 
letting the rest hang down to the ball of the prime 
conductor, so that the lowest may not touch it, you will 
see a beautiful series of sparks traversing ^e silken 
thread from one end to the other. 

In this experiment, it will be observed, the sparks 
appear between the leaden globes only, and no light is 
observable whilst the fiuid traverses the balls ; therefore, 
the lowest shot first receives the sparks from the prime 
conductor, and delivers them to the second, which again 
delivers them to the third, and so on, from one to the 
other, until they arrive at the hand, where they are lost. 

This instrument, it is true, is but a very rude substi- 
tute fer some of those elegant pieces of apparatus which 
are usually employed for same purpose ; but, at the 
same time, it answers all the purposes of explanation 
quite as efficiently. The apparatus generally employed 
are pieces of glass, either flat, or in the shape of 
tubes, partially spangled with discs of tin-foO. They 
are generally constructed very tastefliUy, and the spangly 
of foil suit^ly arranged, so as to diversify the route of 
the sparks in a variety of ways,» which give to their 
display a more pleasing and interesting effect than eould 
otherwise be produced. 

The glass tubes are cabled at both extremities with 
hoflow spheres of brass, pohidied and laequered, 
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and the spangles of tin-foil are arranged ^7* 
round and round ihe tube spirally, from one ^ 
end to the otiiier, taking care that they do 
not touch one another. See Fig. 27 . The 
spangles are attached firmly to the glass, 
by means of strong gum-water, and the 
whole occasionally cohered with a coat- 
* ing of lac yamish. The spangled tube, 
however, *is sometimes placed inside of 
another glass tube, which, when capped bv 
brass spheres at both ends, excludes lul 
dirt and moisture in future. This method 
of fitting up these spangled tubes is, there- 
fore, much preferable to that of using one tube with 
varnish only. When one end of this apparatus is held 
in the hand, and the other presented to the ball of 
the conductor, a series of sparks are seen traversing 
its surfiuie between the spangles, and, consequently, 
in the same spiral line : rendering it beautifully luminous 
the whole of the way. 

Another form of apparatus for this 
purpose, is that of a long strip of plate 
glau, on one side of which an arrange- 
ment of metal spangles, from one end 
to the other, is fastened by means 
of gum-water, and the line of electric 
light displayed by the sparks will 
vary with every variation in the ar- 
rangement of the spangles. See Fig. 28. 

The opposite side of the glass is usually 
varnish^ in transverse bands of difierent 
colours, which vary the colour of the sparks 
according to the colour of the medium 
through which they are seen. When a 
^nral arrangement of metallic spangles 

is placed on coloured glass tubes, such as 

blue, purple, viedet, fiw., the sparks vrill assume difierent 
colours as &ey proceed from one end to the other. 
They are perf^y white whilst passing along that side 
of w tube next to tiie gpeetator, but will assume the 
colour of the tube at tkm parts of its route which 
are behind it 


Pig. 28. 
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Perhaps the most pleai^ of these electrical devices 
is that represented hy Fig. 29* It consists of seven 

Fig. 29. 



spangled glass tubes, surmounted by brass balls, and 
placed vertically round the margin of a circular mahogany 
board, supported by a short pill^ and foot. From the cen* 
tre of the board rises a glass stem, b, terminatiDg upwards 
in a steel pivot, for the purpose of supporting tlm rotating 
piece A. The lower extremities of the spangled tubes 
are inserted in brass ferrules, and the whole in con- 
nexion with a metallic ring which is let into the 
wood. 

If 1 present the centre the rotating piece a to the 
ball of the prime conductor of the madiine in action, 
it insnediatmy receives n series of%paiks, and is drawn 
towards the ball of the nearest qpangled tube ; delivers a 
spark to it, and is carried on to the next, to which itilso 
^versaspa^: and thxiait visits the whole the tubes 
in succession, illuminating each line of spnl ^aces be- 
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tween the spangles as it proceeds, which in a dark 
room has a very splendid effect. 

There are some curions circumstances connected with 
the electro-conduction of bodies which I did not mention 
whilst classifying them in our second lecture. They 
are these. Those solid bodies which have been called 
non-conductors, are considered to be such, only whilst 
in a state of solidity, or whOst their parts are in a certain 
state of ^[gregation. For instance : glass whilst solid 
and perie^y £7, is a non-conductor, but melted glass 
is a very good conductor. Crystals of several salts also 
possess the same faculties ; for although non-conductors 
whilst solid, they become conductors when in a state of 
fusion by heat. Green wood is a conductor of electricity, 
but baked wood is an insulator. If the baked wood be 
converted into charcoal, it is again an excellent con- 
ductor, but burn it to ashes and it loses the conducting 
faculty. 

I will now show you a very satisfactory experiment 
on this point. You are already aware that a solid stick of 
sealing wax is a non-conductor ; but if we warm the 
same stick, so as to make it quite soft, and then apply it 
to the cap of Bennetts electroscope, whose leaves are 
already in a state of electro-divergency, you will soon 
find that the electric action disappears, and the gold 
leaves hang down dose together. A tube of glass pre- 
sents us with a similar fact, for although a non-conduc ^ 
tor whilst cold, it becomes a conductor by being made to 
assume a high red heat, and better still when white 
hot. 

By taking advantage of these facts, an illustrative ex- 
periment has been established, whose effect is called the 
electro-spinning of sealing-wax. I have a stout brass 
wire, wldch will just fit the hole in the end of the prime 
conductor of the machine. It is somewhat poin^ at 
the othier end, which is stock into a short stick of soft 
•eding-wax. Wlidb the wax has become hard and cold 
it is a nonHxmdnotor ; but, as we have already seen, when 
mdted, or evmi softmied considerahly, it becomes a con- 
ductor. I {dace this wire in the end of the prime con- 
ductor, and afterwards scrften the wax by the fiame of a 
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spirit lamp ; and now, whilst the machine is in opera^ 
tion, I hold a blank card in front of the softened se«&ng> 
wax, and 1 And that a considerable quantity of the melted 
wax has been blown off from the wire, and is attached to 
the card in beautiful fine filaments, as soft and fiexlble as 
fiocks of wool or silk. By repeating this experiment 
with several cards, we have an opportunity of varying 
the arrangement of the fibrous wax in many ways. A 
great quantity may be collected upon the sunace of one 
card, and placed in a cabinet, as a curious production of 
this species of electric action. 

I think it is pretty evident, from what you have al- 
ready seen, that when any insulated body is connected 
with the prime conductor, it partakes of the same kind 
of electric action ; and, in fact, becomes an appendage to 
that piece of apparatus, 
on tne electrical aiool^ 

Fig. 30, furnished with 
glass legs, and, while 
thus insulated, place my 
hand on the prime con- 
ductor ; 1 should be 

electrized in common 
with that conductor ; 
and if, whilst the machine is in good action, I present 
the knuckle of my other hand to any article on the 
table, a spark immediately passes from my hand to that 
body. If 1 take hold of one end of the spangled glass 
tube, Fig. 27, page 83, and present the other end to any 
uninsulated metallic body, a series of sparks pass from 
my hand, and the tube is filuminated the whole of its 
length. Should any one present their knuckle to any 
part of my body, whilst thus electrized, spatks would 
be drawn from me as decidedly as from the prime 
conductor itself. 

If with my finger and thumb, 1 take hold of the thread 
which joins two pendent light bdhies, pith balls, or 
snoail feathers, for instance, these bodies diverge 
one another : but if any one standing on the fioor, touch 
any part cff my person, the divergent bodies immediately 
collapse. 


If, therefore, I were to stand 
Pig. 30. 



J J 
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HereiB a pretty little mstroment, Fig. 31, called the 
quadrant dectrmeter» It is the invention of Mr. 
Henley, and is a most valuable instrument for ascer- 
taining the intensity of electrization of 31. 
any piece of apparatus to which it is at- 
tach^. Its indications are the conse- 
quences of electrioal repulsion. It con? 

• sists of a stem, generally of wood; a 
semi-circular piece of ivory, and an in- 
dex moveable on a jolnt-|dn at one ex- 
^tremity, which is ntuated in the centre 
of the circle. Half of tihe semi-ciircle is 
graduated, showing degrees, from zero at 
the lower edge, to 90® in the horizontal 
line: hence the term quadrant. The 
index is an oaten straw, terminated by 
a pith ball. A hole in the upper part of 
prime conductor (see frontispiece), receives the lower 
end of the stem of the electrometer, and the angle formed 
by the repelled index and the fixed stem, indicates, though 
not exactly, the degree of electrization, both of the prime 
conductor and of every piece of apparatus connected 
with it. 

If, now, whilst standing on the electric stool, and in 
connexion with the prime conductor, I hold the qua- 
drant electrometer in my hand, the deflection of the index 
shows the intensity of electrization both of myself and 
the conductor with which I am in connection ; which k 
not so great as that which the prime conductor alone 
would misplay, because of tiie greater extent of surface 
to be kept electrized ; and, also, because of the loss of 
fluid from the asperities of my clothing, hair of my 
head, &c. The latter throws off an immense quantity 
of electric fluid into the surrounding air, whibt being 
repefled from one another. Whilst in this dectric state, 

I experience a singular sensation about my head and 
fhce ; something lil^that which would be produced by 
drawing over them smne flimsy substance, such as the 
web of a spider, and you will see the hairs stand erect 
on every side, like nda from a centre. 

We have an artifldal head, wdl covered with long hair, 
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bj which this singular fact is shown to great advan> 
tage. The stem of the head, represented by Fig, 32, 
Pig. 32. 



is placed in the hole at the top of the prime conductor ; 
and when the machine is in action the hairs stand aloof 
from one another in the ludicrous manner shown by the 
figure, 

I have already shown you that an electric aura streams 
into the air from the point of an electrized wire. This 
aura, consequently, charges the vicinal air with the elec- 
tric fluid, and renders it in nearly the same electric con- 
dition as the prime conductor and wire from which it 
proceeds. From the re-action thus produced, we are 
enabled to put bodies into motion as decidly as by the ap- 
plication of any other species of force. 

The electrical Jfy, Fig. 33, consists of 33. 

a stem pointed at its upper extremity, 
and a metallic cap, into the sides of 
which, and at 90® from each other, are « | 

sorew^ four brass wire arms, poinb^ at I 
the outer extremities, and at about half 
an inch distant, bent at right an^^os, as seen in the 
flgure. When the stem of this apparatus is placed in 
tlM hole at the top of the prime conductm*, and the ma- 
chine in action, the electric streams which rush out at 
the points, both eloctrixe and condense Uie air; which, 
by repletion agmnst the pmnta, drives them bach, and 
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cauaes the whole 83 r 8 tem to retrograde and rotate on the 
vertical pivot. 

The electro-mechanical force thus produced is some- 
what considerable, when the machine is in good action ; 
as may be understood by the following experiment with 
the apparatus represented by Fig. 34. t is a base board 
of mi^ogany, from one end p. ^ 

• of which rise two short glass 
stems A and c ; and from the 
other end, two longer glass 
stems B and d. Between 
the top of A and b, is stretch- 
ed a finely polished brass 
wire ; and from c to n, is 
stretched a similar wire. 

The short wire a f, has a 
knob at each end, and at right angles to it, is attached 
the short wire o h. The latter wire is pointed, and, 
near to its extremities, it is bent at right angles to its 
genera] direction. 

The chain proceeding from it wo connect with the 
prime conductor of the machine, and the wire e f, is 
placed across the wires a b, and c d, near to the lower 
end of the inclined plane in which tliey are situated. 
Immediately the electrical machine is put into motion 
the fluid rushes out of the points o and h, and they spin 
roimd with an amazing velocity, and speedily arrive at 
the top of the inclined plane. Stop the noachine, or, 
which is better, place a finger on the prime conductor, 
and the system rolls down by the force of gravitation : 
take away the finger, and the system rolls up again : 
replace the finger on the conductor, and the descent re- 
commences ; and by this means the moveable part of the 
apparatus may be made to make a series of alternate 
upward and downward trips for any length of time you 
please. 

The electrical orraty, Fig. 17, pag^ 59, may be lu^t in 
motion by availing ouraelves of we influence of pointed 
wires. If a riiort point were to proceed from one side 
of the earth, and another frmn the opposite side of the 
moon, and the snpportiDg pivot {daced in connexion 
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with the prime conductor, those points would discharge 
dectric duid into the air, and the system would rerdve 
accordingly, on the principles already described. 

The electrical orrery is still more complete by adding 
the sun to those parts hitherto employed. This orrery 
is represented by Fig. 35. 

Rg.3fi. 



It consists of three balls, s, £, m, which respectively re- 
present the sun, earth, and moon. The sun is a hollow 
ball of wood, neatly gilt, and weighted on the side §, to 
counterbalance the earth and moon at the extremity of 
the long arm of the lever. The earth and moon are 
united by a wire, moveable round a Mint at their com- 
mon centre of gravity ; and the whole system is sup- 
ported on another point within the body the sun, which 
is the centre of gravity of the whole system. A short 
wire, pointed outward, projects from one side of the 
moon, and another similar wire, projects from the long 
arm of the lever which joins the sun and the other 
part of the system. 

When this apparatus is insulated, by placing it on the 
electrical stool, and in connection with the prime con- 
ductor of the electrical machine, by means oi the chain 
c prolonged, the electric streams which proceed from 
the points put the orrery in motion; the earth and 
moon revolve round their ccnnmon centre of gravity, 
and these two bodies and (he sun revolve rcrand the 
centre of gravi^ of the whole system. This is a most 
inteesting {deoe of appantua, at it omiveya a good idea 
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of the revolutimis of these three bodies as performed in 
nature, and also shews the influence of electriaed points 
at the same time. 

Mr. Ferguson, the self-taught mechanic and astrono* 
mer, invented several light pieces of machinery, which 
he took a delight in putting in motion by means of the 
electrical aura applied to the vanes of wheels. 

The mo^el of a com Fig. 36. 

mill represented by Fi 
36, will give you j 
idea of the character of 
the machinery employed 
in the electrical experi- 
ments of this ingenious 
man. a, is the water 
wheel, whose floats are 
made of thin card-pa- 
per; B is the cog wheel 
on its axis ; c the 
trundle, turned by that 
wheel, and n the run- 
ning millstone : the 
whole model is made as 
light as possible. 

When a pointed wire 
from the prime conduc- 
tor is made to project a 
stream of the electric fluid 
against the uppermost side of the great wheel a, at 
right angles to the face of the vanes, those vanes recede 
from the point, and others succeed them : the wheel, 
and consequently all the other working parts in the 
model, are put into motion. 

By taking advantage of the luminous character of the 
electric aura when exhibited in a darkened room, we 
are enabled to produce a circular ring of electrical light, 
by the fluid which ntshes from the four points of the fly, 
Fig. 33, whilst rotating on its pivot attached to the prime 
conductor. The light of this ring is very faint, nnleu the 
machine he in gm orderi and (he points not very sharp. 

Another application of the electrical aura, is that 
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of ringing a chime of bells. Kg. 37. 

Fig. 87t represents this piece of 
apparatus, which consists of a 
round mahogany table, supported 
by a pillar and foot. Round the 
upper side of the table are placed, 
on pillars, a series of eight bells, 
in the regular succession of their 
tones. From the centre of the 
table rises a glass stem a, having 
a sharp steel point, on which ro- 
tates the cross arm s. From this 
arm hangs a silken thread c, at the 
lower end of which is fixed a piece 
of brass for a clapper to the bells. 

If now, a stream of electric fluid be poured on the 
centre of the moveable lever, from a pendant chain or 
wire, connected with the prime conductor : it rushes out 
of the points at both extremities into the air, and the wire 
rotates on the pivot as in tl^e previous cases : and the 
clapper rings the bells in succession as it passes round 
with tlie wire to which it is attached. 



The bells, when rung as in the last expellpaent, having 
nothing to do with the electrical action, although fre- 
quently called the electrical hells^ have no legitimate 
claim to the dignity of any such title ; but we have cer- 
tain arrangements of bells for experiment, whose sounds 
are produced by a direct and important part which they 
themselves take in the process. 

If, for instance, we 


hang the three bells of 
the apparatus represent- 
ed by Fig. 38, to the 
prime conductor of the 
machine, by the bent 
wire of that part of the 
apparatus fi^m which 
th^ are suspended, &e 
two outside b^s, whi<di 
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and will attract the two brass balls, inttilated hy silken 
lines, towards them. These halls strike the bells, and thus 
become electrical also. The electric action, thus acquired, 
carries them to the middle bell, on which they deposit their 
redundant portions of fluid, which is conducted to the table 
by the brass chain. The balls are now ready for another 
journey to the outer bells, where they again become 
dharg^, and are again repelled to the middle bell : and 
by a seri^ bf journeys to and fro, the bells are kept 
ringing. The middle bell is suspended by a silken line, 
and, consequently, is insulated from the cross metallic 
bar which supports it. 

Another set of electrical Fig. 39, 

bells is represented by Fig. 

39. In this set we have five 
bells, a large bell a in the 
centre, and four smaller bells 
suspended by wires from two 
cross pieces, which stand at 
right angles to each other, 
upon the supporting glass 
pillar c. The clappers, z, 

&c., are smajltsballs of brass, 
suspended by silken lines. 

By these means the clappers 
are insulated from the bells 
Q, and four of the latter from 
the ground. The central 
bell A is supported by a brass 
pillar and foot When the 
chain o connects this appa- 
rutus]^^ the prime con- 
ductor, the bells commence ringing from the same cause 
as the tonner tibree were rung. But the middle 
bell nerer sounds musically, in consequence of being 
firmly fixed to the support 

The befi-ringing, in the two last ex|>eriineiKts, was 
obviously the effects of a series of attract io ns and repul- 
sions, which gave motion to the pendmit and insulked 
balls. Upon the same deetcical ^indfdes we sometimes 
exhilnttovezal very amusing experiments; afew of which 




96 


I will offer to your notice before concluding this lecture. 

If we place a number of small pith balls on the metal- 
lie table, represented in Fig. 40, and afterwards cover 
them with a glass receiver, whose ^ 

inner surfoce has been electrised 
by holding it over an electric au- 
ra, the balls immediately jump 
up ftom the table to the inner 
surface of the glass, and are pro- 
jected back again to the table, 
where they discharge their ac- 
quired fluid ; jump up again, and 
again return ; and so on, with 
great rapidity ; and thus exhibit 
their restlessness until they have 
robbed the glass receiver of nearly 
all its charge of electric fluid. 

When we have a cylindrical glass 
open at top, and covered with a 
brass plate, in connexion with the prime conductor, 
these volant motions may be kept up for any required 
period of time. 

The electric actions which produce motions in these 
light bodies, are very efficiently and amusingly displayed 
by the electrical dancers, represented in Fig. 41. The 
fibres are made of the diy pith Fig. 4i. 

of elder, and are placed be- 
tween two round brass plates, 
well rounded at the edges. The 
upper plate, which is smaller 
t^ the lower one, is attached 
to the prime conductor by a 
brass wire chain ; and the lower 
plate, being supported by a me- 
tallic pillar, is uninsulat^ The 
figures are put into a jumping 
motion upon the pruunples al- 
ready explained ; and by their 
exchange of places on the table, 
and the firMuent turning on 
dieir heels, they pmfonn their 
electric dance with much more 
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grace thimis displayed, on many occasions, in the most &• 
shionable ball-room: and the ludicronsantickB they some- 
times pass throng eclipse those of Harlequin himself. 

The electrical swing, represented by Fig. 42, is ano- 
ther amusing piece of appa- 
ratus, which operates upon 
the principles of attraction 
and repulsion. The figure of 
a young lady is seen sitting 
in the bend of a silken cord, 
whose extremities are sup- 
ported by two vertical glass 
pillars, fixed into a mahogany 
base-board b. An insulated 
brass ball a, is connected with 
the prime conductor ; and 
another similar ball c, with the 
ground. The figure is first 
drawn towards A, where it re- 
ceives an electric charge, and is then driven to c, where 
it discharges its acquired fiuid ; and by a repetition 
of these movements the figure is kept swinging be- 
tween the two balls. A feeble electric action is 
most suitable for this and the next piece of appara- 
tus, represented by Fig. 43, whose principal parts 
Fig. 43. 


Fig. 42. 




consist of a wooden foot vrith a glass stem f, and a lever 
ABO, which is moveable in a verticle plane on a joint 
at its centre n. On each end of the lever is placed a 
figure of a and the two ascend and descend 
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alternately between the electrised balli s s, eonneeted 
with the portme conductor, and the uninsulated balk d d. 
The motion is accomjdished by the same kind of eleekric 
action as in the previous cases. 

1 have no doubt of these ludicrous figures appearing 
to some persons too contemptible for a place in this 
work ; but as the apparatus represented by Fig. 43, is 
the invention of the Italian philosopher Beccaria, one of 
the most indefatigable and skilfbl electriciafis the world 
ever yet produced, it will long remain an interesting 
curioaitff at least, if nothing more, to all those who 
venerate the productions of the true cultivators of elec- 
trical science. 

Our illustrations of communicated electric action have 
hitherto been limited to the employment of those bodies 
which display the most eminent electro-conducting 
qualities. Indeed, of all known bodies, the metak are 
beat calculated for those elementary illustrations of the 
rudiments of electricity which ought to be firmly im- 
planted on the mind in the earliest part of a course of 
instruction on this interesting subject. We will now, 
however, introduce a very different class of apparatus, 
by means of which we shall be enabled to extend our 
experimental illustrations : and bring forward a few 
specimens the grandest phenomena that thk branch 
of electricity has hitherto developed. 

As a typo of the formidable apparatus we are about to 
employ, we will re-introduce the electrical condenser, Fig. 
10, page 46, and take into consideration another ele- 
ment in its operations, which we did not find necessary 
to notice till now. Thk element k the plate of atmos- 
pheric air which lies between the two metallic plates 
of the condenser. The atmospheric air k generally 
ranked amongst electro-nonconduetors, and a thin 
stratum of it k, in fimt, an insulator of fbihle electric 
action^ or in other wor^ of those bodies whose electric 
fierce k but of low intensity. And as aU insulating matter 
k more capable of oonstrainiag electrie totces as their 
radial dimensions frcni the efeciriiEed body, as a centre, k 
immeased, an envrioping spbeie of ataaoqp b eric air of 
giest dimensions hnoomu an insidttor even of tole- 
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n^y powerftil electric action : although a discharge of 
lightning fitmi the cknids to the ea^ shows t^t a 
tMck stratum can be transpierced when the electric in- 
tensity is Yeiy high. 

With respect to the plate of air between the metallic 
discs of the condenser, the intensity being always feeble, 
the electric action communicated to the insulated disc 
hever breaks through the air to the other which is in con> 
nexion withHhe ground : but although a discharge does 
not absolutely take place, the preliminary phenomenon 
to all electric discharges is really brought into existence. 
This preliminary is polarizatUin^ independently of which 
no electric disc^ge can in any ckse occur. The inter- 
vening plate of air becomes el^tro-polar, from a distur- 
bance of its own fluid by the repulsive action of that 
acumulated on the insulated metallic plate : and if the 
accumulation were to rise to a sufficient degree of inten- 
sity, a rupture of the serial plate would be efiected by r 
portion of that fluid, which would transpierce the air in 
order to arrive at the uninsulated metallio disc. 

Now since electro-polarisation is efleoted the most 
easily in those bodies which ofler the least resistance to 
the motion of the fluid, or in the best conductors, tlie 
metals are more easily polarized than atmospheric 
air; and the latter more easily than solid vitrious 
and resinous bodies; hence it is that these solids 
are not easily rendered electro-polar to a great ex- 
tent unless in very thin sheets. When, however, a plate 
of glass is thin, it is not only susceptible of electro- 
polarization, but will absolutely receive a charge of the 
electric fluid as decidedly as any other species of 
matter: and by taking advantage of its insulating 
character, one of its surfaces may be rendered electro- 
positiye, and the other electro-negative, to a degree of 
intensity &r surpassing that obtainable by the employ- 
ment of any other body. ^ 

for instance, a pane of glass, which 
Fig. 44 may represent, were p^ally 
covered with a sheet of metal, such as tin- 
IbU, on each surfliee, as represented by 
the dark central part of the flgure, it 9mHli 
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would be in a atate of preparation suitable (or re* 
ceiving an electric charge of high intensity. A piece 
of glass thus prepared is said to be coated. The 
process of charging is simply that of forming a metallic 
connection between one of the coatings and the prime 
conductor of the machine, and a sii^ar connection 
between the other metallic coating and the ground, or 
with die ruhber of the machine. When the machine if 
put into motion a portion of the excited fluid is received 
by that surface of the coated glass pane which is in con- 
nection with the prime conductor ; and the accumulation 
on that surface repels from the other a portion of the 
fluid naturally belonging to it: hence, in this condi> 
tion the pane is electro-polar, having a redundancy of 
fluid on one surface and a deficiency on the other : 
which we can easily determine by employing an electro- 
scope in the usual way. 

If we again place the coated pane in connection with 
the prime conductor and the ground, or the rubber, as 
before, and again set the machine in motion, you will 
presently see a bright flash of light, passing over the edge 
of the pane, and accompanied with a loud snapping noise. 
These are the immediate consequences of a sudden dis- 
charge of the accumulated fluid from the positive to the 
negative side of the glass, arising from the charge on 
the former side arriving at a higher degree of intensity 
than the atmospheric air was capable of balancing. 

By continuing the action of the machine, 
a great humber of these spontaneous discharges 
are produced in rapid succession ; which is 
one of the several indications of a machine 
being in good order. In experimental opera- 
tions, however, we endeavour to avoid spon- 
taneous discharges as much as possible, and in 
order to direct a discharge to any piece of ap- 
paratus, we employ an instrument called a 
dtiobarging rod, which is repiesented by 
Fig, 45. 

Ue discharging rod usuaOy employed by eleetriciaiiSt 
cooilits of a glass handle and two metaUlo anns ; the 
itniB are of stout brass wire, each terminating in a ball 
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of the same metal. The inner enda of the arms are 
screwed into the edges of two circular pieces of brass 
(one into each)i which move freely on a brass pin that 
passes through their centres, and thus form a joint, 
similar to the joint of candle snuffers, or the joint a£ fire 
tongs. To this joint is fixed a brass socket, by which 
the whole of the metallic part of the apparatus is attached 
•to the glass handle. The arms of the discharging rod 
are us^^bent so as to form two similar bows, as re- 
presented by the figure ; they are also pointed at the 
outer extremities, but the points are covered with the 
before-mentioned balls, which screw over them, and can 
be removed at pleasure when required for any particular 
experiment. 

If, now, the coated glass be again charged as before, 
and one of the balls of the discharging rod be placed on 
one of its coatings, and the other ball be made to ap- 
proach the opposite coating, the discharge takes place 
through the metallic arms of the discharging rod, with- 
out the operator being in its way ; he l^ing insulated 
from the fluid by means of the glass handle by which be 
holds the instrument. 

Now, since the only part of the glass which receives 
the charge is limited, or nearly so, to that portion of the 
surface which is covered with the metal, it will be ob- 
vious that the quantity of fiuid accumulated for a maxi- 
mum charge will depend on the extent of coated surface, 
when the glass is of uniform thickness, and of the same 
quality, in all oases. Thus it is that, although we see 
a vivid light, and hear a much louder noise, by the dis- 
charge of the coated pane, than when a spark is taken 
from the prime conductor, these phenomena dwindle 
into complete insignificancy when compared with the 
light and noise which attend discharges from extensive 
coated snrfoces of glass. 

As it is a matter of indifference what may be the 
shape of the glass wg employ in this capacity, provided 
it be thin and coated with metal on its i^posite surfaces, 
ieavii^ an uncovered marginal space for the purpose of 
insuli^g the coated suifoces from one anoUier, the 
choice of shape is open to the taste of thooe who em- 
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ploy the apparatus* Conyeniesce and elegance, however, 
appear to have given a decided preference 
to the general employnoent of glass ve^eU 
in the shape of jars, which, when properly 
prepared, have received the universal 
name of Leyden jars, in consequence 
of the electric powers of charged glass 
having been discovered in the city of 
Leyden. Fig. 46, will give an idea of 
one of the shapes of Leyden jars in com- 
mon use, although many persons use 
those which are unifonnly cylindrical 
from bottom to top. 

The Leyden jar is lined with tinfoil from the bottom to 
within about two inches and a half of the top. Some 
persons have three or even four inches of the upper part 
of the jar uncovered by the foil. Its outside is also 
covered with tinfoil to the same height as the lining. 
The foil may be stuck to the surface of the glass, either 
by means of gum water or by thin paste. The mouth 
of the jar is Airnished with a wooden cover which fits 
into the inside, and rests on the jar by means of a narrow 
projecting rim, which forms a shoulder. A stout brass 
wire passes through the centre of the cover, having a 
brass chain hanging from its lower extremity to the 
bottom of the jar, which is also covered with tinfoil, and 
in contact vnth the other part of the metallic lining. The 
upper part of the wire projects two or three inches 
above the cover, and is surmounted with a brass 
ball. 

If I present the ball of the jar to the ball of the prime 
conductor, having hold of the coated part of the jar with 
my hand, a series of sparks are seen to pass between the 
two balls, from the conductor to the inner surface of the 
glass jar ; but their size and frequency very soon dimi- 
nish, and eventually they entirely di8iq>pear. When this 
hiqtpens, the jar is incapable of recfiving any more fluid 
firm the conductor, and is in that conation which we 
call charged. If now, whilst the jar is charged, any 
person were to touch the outside coating with one hand, 
and approach the ball on the top of the wire with the 


Fig. 46. 
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other, he would immediately experience a smart blow, or 
shock, which would affect him more or less, accordingly 
with the size of the jar. This effect is known by the 
name of electric shock, and is one method of discharging 
the jar. 

‘If instead of one person making the communication 
between the outside and inside of the jar, a number of 
•persons were to join hands, so as to form a chain 
from the person at one end in connexion with the outside 
of the jar, to the person at the other end, who by his 
hand touched the ball at the top, the whole chain of 
persons would simultaneously receive the shock ; but, 
in this case, the shock experienced by any individual 
would be much feebler than if the same person were to 
discharge the jar himself from one hand to the other. 
But if a chain of persons were to take hold of a long 
wire, which reached from the outer coating of a charged 
jar to the ball at its top, the glass would be more effec- 
tually discharged than by the chain of persons alone, and 
they would be entirely free from the shock ; showing that 
the electric fluid prefers traversing the best conductors in 
the circuit, which, in this ease, would be the metallic wire ; 
for, although a portion of the fluid might pass through 
every person in the arrangement, the quantity would be 
so 81 ^ as scarcely to be productive of any sensible effects. 
Hence it is, that we can discharge a jar with impunity 
through a metallic rod held in the hand, having one of its 
extremities in connection with the metallic coating, and 
bringing the other extremity close to the brass ball. 
Any metallic wire employed for that purpose is called a 
discharging rod, although that represented by Fig. 45, is 
the only one in general use, as a distinct piece of appa- 
ratus. 

Having now described the Leyden jar and discharg- 
ing rod, we are prepared to pass through a considerable 
number of experiments with these important pieces of 
electrical apparatus.^ Let us now charge the jar by 
holding its ball in contact with the prime conductor, 
whilst the machine is in motion. As the jar is but a 
small one, a short contact will be sufficient to accom- 
plish the dun^. I now take it away and apply the 
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diflcharging rod in 
the manner repre- 
sented by Fig. 47, 
and you see a bril- 
liant flash of light 
between the upper 
ball of the discharg- 
ing rod, and that of 
the jar« which is 
attended by a smart 
report. This pro- 
cess is usually called 
ditchar^ng the jar. 

You will have observed that one of the balls of the 
discharging rod was placed against the side of the jar;; 
which, wi^ some persons, is a common practice, though 
frequently attended with consequences &tal to the jar ; 
especially when made of very thin glass, which becomes 
broken by the discharge. Hence, you will readily un- 
derstand that some o&er method of discharging our 
Leyden jars, especially when large, and consequently 
expensive, must be a desirable object. Several method 
of discharging the Leyden jar, without the risk of 
breaking it, have been proposed ; the principal of which 
are the two following. One of these is to place a long 
intervening wire between the outside of the jar and the 
lower ball of the discharging rod ; and thus, by lengthen- 
ing the circuit, the electric force is somewhat diminished, 
and the jar preserved. This plan has been frequently 
resorted to when the jar is somewhat large ; or when 
several of them are connected together in the shape of a 
battery, of which 1 shall speak more particularly in 
another place ; but as long circuits invariably lessen the 
electric force, a lower charge of the jar through a short 
cireuit would answer quite as well. The other plan, 
adiieh in my opinum, is much prrferable to the former, 
is to place the jar, when chargee^ on a plate of metal 
oimsiderably larger than the bottom of the jar, and then 
jdaoe the lower ball of the dis<duurging upon the 
metaHae plate, and bring the upper one quickly towards 
^halloirthejar,asin Fig.4B. By this prooees the fluid 


Fig, 47. 
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which passes through 
the discharging 
from the inside of the 
jar, becomes spread 
over the whole of the 
metal plate the moment 
it leaves the lower ball, 

* and thus arrives at the 
bottom of* the outside 
in a state of consider- 
able attenuation, as 
compared with the condensed and compact form it as- 
sumes when passing from the ball in dose contact with 
the side of the jar, on which the whole force impinges, 
and is exerted on a mere point of the glass, the fracture 
of which, from an intense charge, is almost certain. 

Respecting the theory of tlie Leyden jar, although 
various opinions have been advanced, that proposed 
by Dr. Franklin seems the most admissible. That 
philosopher supposed that the Leyden jar has at all 
times of its existence the same, or nearly the same, 
quantity of the electric fluid on its two surfaces ; that 
is, whether the glass be neutral or charged, the absolute 
quantity of fluid is not altered ; and he accounts for it 
in this manner : — Franklin supposes that when a jar is 
in that condition called charged^ the redundancy is only 
on one side of the glass ; and that, in all cases, a defi- 
ciency of fluid, to precisely the same amount, takes place 
on the opposite side of it. Let us suppose for instance, 
that one hundred particles of the electric fluid be forced 
on to the inner sur&ce of the jar by the power of the 
machine; then, according to Franklin’s theory, one 
hundred particles will, or must of necessity, have left the 
outside surface; so that the charging process would 
appear to be noting more than a mere transference of 
the fluid from one side of the glass to the other : and we 
are told by the sagie philosopber, that the discharging 
process, by the application of the discharging rod, is 
simply a restoration of the electric equilibrium on th| 
two sides of the glass. 

In the ordinary processes of charging and diKharging 


Fig. 48. 
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jars, Franklin’s tiieory affords a tolerably plausible ex- 
planation ; but I shall bave to show you in another 
place, that glass can be simiUurly electrized on its two 
opposite suriaces as decidedly as any other body : and 
therefore that part of the ^eory which insists on the 
two surfaces being necessarOy in opposite electric states 
when charged, must M to the ground. 

Franklin, however, has contrived some very beautiful * 
experiments in favour of his theory. He has shown 
that if the outside of a Leyden jar be completely insula- 
ted, its inside surface is incapable of receiving a charge. 
If, for instance, we unscrew the ball from the top of 
the wire of the jar, and put a ring in its place, then we 
can hang the jar on the wire at the end of the prime 
conductor as represented by Fig 49, 


Fig. 49. 



and leave its outside completely insulated by the sur- 
rounding air. In this state very little accumulation of 
fluid will take place, although every exertion be made 
with the machine ; and you will see, that if we stop the 
working of it before the application of the discharg- 
ing rod, scarcely a spark is d&coverable between the b^ 
of the latter and the ball of the conductor to which it is 
applied. But if we vary the experiment by presenting 
the knuclde dose to the coating the jar whilst the 
madiine is in motion, will see^ a series of marks 
traversing the plate of air between t^ jar and the Wd, 
the jar becomes charged, as may 1 m ascertained by 
applying the discharging rod. If now, instead of tiie 
we were to apply to the outsit of the jar a 
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brass ball b, mounted on a metallic Btem» as shown by the 
figure, we i^all haye better defined sparks than before : 
and by bringing this ball graduallj towards the outside 
of the jar, we can ascertain the precise distance between 
the two at which a spark will pass from one to the other 
daring yarious stages of the charging process. Now 
this experiment which has been but litUe attended to, 
* is exceedingly interesting ; for you will see that the 
plates of ah' which the sparks are capable of transpiercing 
are of yery different thic^esses at the different periods at 
which we obtain them ; the maximum thickness being 
at the commencement, and the minimum thickness at 
the termination of the charging process, and eventually 
the sparks cease altogether. At this stage the jar is 
fully charged ; and if we do not apply the discharging 
rod immediately, it will very likely discharge itself, either 
by the fiuid rushing over the top of the jar, or by per> 
forating the glass. Both of these accidents very fre> 
quently happen when the discharging rod is not 
employed in time. In the latter case, the jar is for ever 
afterwards useless as an electric apparatus; but, the 
discharging over the top does not injure it, unless indeed, 
a xigzag streak which the fluid foequently leaves on 
that part of the glass over which it traveUed, can be 
called an injury. When a ]ar thus discharges itself the 
occurence is called a spontaneous discharge : and 
although a discharge through the pores of the glass is 
not designated by that name, it is, as decidedly as the 
other, a spontaneous discharge. 

Another of Franklin’s mmriments shows, in a very 
deoisiye manner, that the fluid which is forced on the 
inner surface of the jar does not lodge in die metallic 
lining. For this eiperiment we generally employ a jar 
fom^ed with metallic coatings which can be removed 
from the aurfoces of the jar, or replaced at pleasure. 
The jar for dus purpose is often in the dim of afirustum 
of a cone, with the rtnaller end downwards, for the pur- 
pose of giving fSseility in jdacing and di^fdacing the 
metaflic parts. 

This, Mwever, Is not neecetsary, aa common cylindri- 
cal jara anawer very wdl, by not making the metallic 
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coating and lining to fit the glass too closely. The lin- 
ing of this jar is furnished with a brass wire stem, which 
reaches a few inches above the top of the jar and termi- 
nates in a ring, as represented by Fig. 50. 

To make Franklin’s experiment with 
this jar, I present the ring to the ball of 
the prime conductor, and when charged 
1 take it away and place it on the elec- 
trical stool. Fig. 30, page 88 ; a quire 
of dry paper, or a piece of glass, .or, in- 
deed, any insulator, would answer very 
weU for this purpose. Then by means 
of a small glass rod, which I introduce 
to the opening of the ring, I remove the 
metallic lining and pl^e it on the 
table. I now take hold of the jar by 
its coating, invert it on the insulating 
body, and take away the metallic coating. I now 
bring the coating into contact with the lining, and you 
do not perceive any spark pass between them : and now, 
indeed, we might apply either metallic body or both of 
them to the most dehcate electroscope, without indica- 
tion of electric action ; hence we say they are neutral. 
I now replace the coating on the outside of the jar, and 
turn it the right side upwards ; and afterwards replace 
the lining by means of the insulating glass rod. Both 
the metallic appendages being thus in their proper 
situationis, and consequently the apparatus again com- 
{dete, 1 apply the discharging rod, first to the coating 
with the lower ball, and then to the ring with the other, 
and you see that a bright flash of light, with the usual 
report, is the consequence. From this result, Franklin 
has inferred, that the charge is not lodged in the metallic 
lining, but either in the pores of the glass or in a thin 
stratum of air on its surface. This inference fbrms 
another porticm of the Franklinean theory of the Leyden 
jar. 

At fer as our illustrations have proceeded, the Frank- 
linean theory of the Leyden jar would appear to be per- 
fectly correct ; but I must s^cit your attention to a few 
other experiments which, al&ough by no means mflitaring 




109 


against the general principles of Franklin's theory, de- 
▼elope results which tend to qualify, at least, the rigour 
of the experimental demonstration. 

If, for instance, we were to pay strict attention to the 
exciting process of the plate ele^cal machine, we should 
infer f^^m the circumstance of both sides of the glass 
being excited alike, that both sides became electro-posi- 
* tive, which is absolutely the case ; and, therefore, we 
learn thaUboth sides of the glass can be similarly fUec- 
trical at one and the same time. 

To illustrate this fact stUl farther, 1 employ a sheet of 
window glass, and present first one face and then the 
other of it to a pointed wire fixed in the prime conductor. 
By these means both surfaces of the gl^ have received 
a charge of the electric fluid from the metallic point : I 
transfer a portion of the accumulated fluid from one of 
the surfaces of the sheet of glass to Bennet's gold leaf 
electroscope, and by testing in the usual way, 1 find it 
electro-positive. I dismiss this electric action from the 
electroscope, and re-electrixe it again, by applying the 
other side of the glass plate : and in this case, also, I 
find the electric action to be positive. 

I vary this experiment by first diverging the gold 
leaves of the electroscope by the positive electric action 
of an excited glass tube, and afterwards presenting, in 
succession, the two eleotrixed surfaces of the glass plate ; 
and stUl find that both sides are electro-positive. 

To determine whether or no there be any of the charge 
of coated glass attached to the metallic coatings themselves, 
I enqdoy a disc of window glass, coated with two loose 
metallic discs which can be removed 
from the glass at pleasure, for the 
gupose of electroscopic examination. 

Fig. 51, represents the*two metallic 
di^ ; the lower of which is famished 
with a pith ball electroscope, and the 
r one with a«gla8s handle: the 
plate is jdaced upon the lower 
, and the upper mbc upon the 
^aa^ and rim vHhcrie insulated by 
resti^ on a glam pillar. 


Flf.5l. 
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By means of a metallic wire 1 form a communication 
between the upper metallic disc and the prime conductor 
of the machine, and by means of another wire, the lower 
metallic disc is connected with the table. The glass 
plate having become charged, 1 insulate the whole appa- 
ratus, by taking away the lower wire of communication : 
by means of the glass handle I lift the upper disc 
from the glass plate and present it to Bennet’s electro- 
scope : and, by the usud tests, find that it as electro- 
positive. 1 replace the metal disc on the glass plate, 
and the pith balls belonging to the lower disc, which 
showed but little divergency before, now diverge to a 
considerable extent : and by the presentation of an elec- 
tro-positive glass tube, and afterwards of an electro-ne- 
gative rod of sealing-wax, the balls are found to be 
electro-negative; and after the removal of the glass 
plate, witli its upper metallic disc, the lower glass plate 
is still found to be electro- negative. 

In order to be certain that the replacing of the upper 
metallic disc was not absolutely essential to the lower 
one displaying negative electric action, we will discharge 
the glass plate by an application of the discharging r^ 
to its two coated surfaces ; and after removing the pith 
ball electroscope from the lower metal, we will arrange 
the apparatus as before, and again charge the glass. 
This being done, 1 remove the glass plate, with its upper 
metal, from the lower metal, leaving the latter insulat^ ; 
having in readiness an electrized gold leaf electroscope, 
the character of whose electric action is known, 1 present 
the insulated metal disc to the instrument, and find it 
electro-negative. Thus we are enabled to prove that 
the metal coatings of charged panes of glass are as de- 
cidedly electrical as the glass itself; and by making 
similar experiments with the idose coatings of the cylin- 
drical jar, Fig. 50, we also find them to rebiin a trying 
electricalaction : the character of which, in high charges, 
is alwa^ the same as that on the sur&ce of the glass 
witii which diey were in omtact ; but, in low eha^ges, 
the eteotrio action of the loose coatings does not always 
correspond with that on the vicinal surfiu^ of the glass ; 
because the latter becomes the cake of an dectrophonu^ 
and operates on the metals in precisely the same manner 
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as the resinous cake, Fig. 14, page 55 : and in this 
capacity its action may be continued for many hours, 
nay, even days, without any repetition of the charging 
process. There are some other exceedingly interesting 
phenomena, the display of which appears to be peculiar 
to charged glass and other non-conductors, but which 
we must defer offering to your notice until our closing 
lecture o^ the present course, in which it is intended to 
bring forward some of those theoretical particulars which 
are not essential to our present stage of illustration. 

From the successfid experimental results which 
Franklin obtained in favour of his theory of the Leyden 
jar, it was an easy step in the analogy to suppose that 
two jars might be as easily charged as one jar only, by 
collecting the fluid from the outside of that placed in 
connection with the prime conductor, in contact with 
the inside of the second jar, whose outer surface was 
connected with the ground: and the idea led to the 
establishment of new experiments of an exceedingly 
interesting nature. If, for instance, I insulate the jar 
A, Fig. 52, by hanging it on the prime conductor c, os in 


Fig. 52. 



a former experiment, and present the ball of the jar b to 
its outer surface, the moment that the machine is put 
into motion a serie^ of sparks are seen passing between 
the coating of the jar a, and the knob of the jar b, and 
when these s^ks have nearly disappeared, both jars are 
found to be cmarged ; as is shown by a proper application 
of the discharging r<^, first to the jar a, and as soon as 
possible afterwards, to the jar b.* 
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This experiment ii a beautiftil exemplification Df the 
Franklinean doctrine of the Leyden jar, as far as regards 
the departure of the electric fluid fh>m the outer sur&ce 
of the first jar a ; and h may be shown by a farther ex- 
tension of the number of jars in sequence, that the same 
explanation applies to the most remote jar in the series. 

We will now arrange a series of jars, a, b, c, &c., in- ^ 
sulated on glass pillars as in Fig. 5^, and we^ shall find 

Fig. £a. 



that by such an arrangement the whole series will be- 
come charged at one and the same time, by the fluid 
which departs from the outside of the foremost jar a, 
being transmitted to the inner surface of the second jar b, 
and the fluid of the outside of b, being transmitt^ to 
the inside of c, and so on, throughout the whole series : 
the last jar of which has its outer surface connected with 
the table, and consequently, indirtetly with the ground, 
by means of the metallic chain or wire. 

Now in order to be perfectly satisfied that eyery jar in 
the series is charged, 1 first separate them firom one 
another, and the jar a from the prime conductor. I 
then apply the diKharging rod to each jar sepantely, 
and find that the usual ^enomena accompanying a 
discharge are exhibited by evexy indiridual jar; and 
since the jar a was the only one ^hich could possibly 
dernre its charge directly from the prime conductor, the 
other jars must of necessity have become dbaxged by 
the flw which departed firom the outer sur&ce ^ their 
immediate predecessorf in the series. 
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There is still another method of illustrating this beau- 
tiful theoretical point by experiment. I will again 
arrange the jars in the same order as before, Fig 53, 
and again put the machine into motion ; and, of course, 
the whole series of jars become charged as decidedly as 
in the preceding experiment. Now, instead of separat- 
ing them when charged, I will apply one ball of the 
•discharging rod to the chain hanging from the last jar c, 
and the other ball of it to the ball of the first jar a, or 
to the prime conductor in connexion with it, which 
answers the same purpose ; and by this means 1 dis- 
charge the whole series of jars at one and the same 
moment. By this arrangement I cause the jars to 
neutralize one another : for the redundant fluid on 
the inner surface of the jar a, rushes through the 
discharging rod to the negative outer surface of the 
jar c ; and the redundant fluid of the inner surface of c , 
supplies the deficiency on the outer surface of the jar b, 
and so on throughout the series : and although perhaps 
we may not find an exact equilibrium established on the 
two surfaces of every individual jar in the series, the pro- 
cess accomplishes dieir discharge as completely as by 
applying the discharging rod to each jar separately ; 
which is an additional proof, though an indirect one, 
of the jars having become charged by each others electric 
fluid, and it is a direct proof, as far as experiment is 
capable of proving any thing, that the restoration of a 
general equilibrium in the series has been accomplished 
by a return of the previously expelled fluid to its original 
abode on the outer surfaces of the jars. 

If, instead of the jars touching one another, as in our 
last experiment, we were to place them at a short dis- 
tance from one another, we should see a series of sparks 
traversing the thin plate of air interposed between the 
coatings of one jar and the ball of the other, during the 
whole period occupied in the process of charging ; and 
when Uie discharge stakes place by connecting one ball 
of the discharging witn the chain attach to the 
coating of the iMt jar, c, in the series, and with the other 
ball approadiing the Imob of the first jar a, the whole 
of the spaces b^ween the several jars will becenne highly 
and simnltaoeously illuminated. This experiment has a 
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rtry beautiful effect when performed in a darkened room. 
The noise produced will be in proportion to the intensity 
of the charge, and to the size and number of jars em- 
ployed in the series. 

In all these operations of the Leyden jar whilst in the 
act of chaining, either directly from the prime conductor, 
or indirect^ from the electrical influence of that appara- 
tus, through the medium of other intervening jars, w» 
And no difficulty in tracing a progressively increasing 
polarization of the opposite sides of each individual jar, 
which gradually become more and more positively and 
negatively electrical respectively, whatever may be the 
extent of the series ; and when ffie polarization is at a 
maximum, the jar is as fully charged as the machine is 
capable of carrying on the charging process. Hence 
you will easily understand that the charging of a jar to a 
high degree requires a proportional facility of becoming 
polarized ; which facility, when the machine’s action 
is uniformly the same, appears to be effected by an at- 
tention to two principal circumstances : — the thinness of 
the glass, and the connection of the outer surface with 
the ground : which circumstances are analogous to those 
that are required for the electro-polarization of metallic 
bodies, as already illustrated in former lectures : for in 
those cases a thin plate of air between the bodies becomes 
electro-polar as decidedly as the metals themselves ; and 
the facility of polarization is enhanced by the last metal 
in the series bmng in good conducting connection with 
the ground. Fig. 64. 


Some other very interesting experi- 
ments are perform^ by having two jars 
so united with one another and with the 
prime conductor as to enable us to 
charge the one independently of the 
other. If, for instance, we attach the wire 
belonging to the inside of riie large jar 
A, Fig. 54, to rile outside of the sioaller 



Urn; we can very cmiveniently charge 
the kige a, by connecting its inner 
eoilhoe with ^ prime conductor by a 

meins of a copper wire ; and aa the in- 


net snrfiice of the jar b is insulated, it 
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will receive no charge, widi the exception of a small 
portion of the fluid which rests on its outer coating by 
being in metallic connection with the prime conductor 
and inner surflsce of the jar a. 

In this condition of things, the small jar, though 
not charged according to file general acceptation of 
the term, is nevertheless in a state of polarization ; and 
» its inner surface is negatively electric ; for the fluid na- 
turally belonging to that surface has been expelled as far 
as circumstances will allow, and a portion of it will be 
found in the ball o, which is in an electro-positive state. 
Hence, the metallic appendages belonging to the inner 
surfaces of the jar b are electro-polar, and as the two 
surfaces of the glass are also electro-polar in the same 
direction, being under the same powerful polarizing in- 
fluence of the accumulated fluid on the inner surface of 
the lower jar a ; the inner surface of b has a strong ten- 
dency to part with its own fluid, and is in an excellent 
condition to discharge it suddenly to any negatively 
electric body that may be brought within the sphere of 
its influence. To show you this fact, 1 place the lower 
ball of the discharging rod on the metallic plate on which 
the jar a is standing, and then make the upper ball ap- 
proach the knob o of the jar b ; we observe a bright 
flash of light and hear a report : the usual attendants of 
an electrical discharge ; which in this case has been a 
discharge of a portion of fluid from the inner surface of 
the jar b, to the external surface of a. Therefore, both 
jars are now charged, the inner surface of a, and the 
outer surface of b, being electro-positive, and their op- 
posite sides consequently electro-negative : and both jars 
may be discharged either separately, or at the same 
moment, accordingly as we apply the discharging 
apparatus. If I join the inside of the upper jar b, with 
the outside of the lower jar a, by means of a metallic 
chain or wire, and after placing one ball of the discharg- 
ing rod on this chajp, 1 bring the other ball towards the 
stout wire on which file small jar stands, or towards any 
of the metallic iqipendages joining the inside of the jar 
A and the outside of m jar b, yon find that the usual 
phenomena of discharge takes (dace : and by examining 
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the jars afterwards we shall find that both are as neutral 
as jars usually are after the first application of a dis- 
charging rod. 

Let us now charge the large jar again, and by the 
same means as before, electrize &e small one also, in 
order that 1 may give you a specimen of the curiosities 
displayed by discharging them separately. I will first 
apply the discharging rod to the outside of the jar a, and • 
then I bring the other ball of it to the wirev connected 
with its inside ; the flash and report are produced, and 
the jar becomes discharged by a metallic connection 
between its inner and outer surfaces. But the moment 
I remove the discharging rod, the jar a again becomes 
electro- polar by the electric influence of the upper jar b. 

1 now apply the discharging rod to this jar, in order to 
discharge it also : and by a few moments’ metallic con- 
nection of its two sides, w'e find that both jars are 
rendered neutral. 

I will now again charge both jars as in the last case, 
but in the discharge 1 will proceed in a very different 
manner to any I have hitherto shown you. I first apply 
the discharging rod to the two sides of the upper jar b, 
and discharge it in the usual way ; by transporting the 
redundant fluid from its outside to its negative inside, 
and thus restoring the equilibrium of the two sides. But 
the moment I take away the discharging rod, the jar b 
again becomes electro-polar, in the same manner as when 
first under the influence of the lower jar a : but as this 
latter jar has lost a portion of its contents by supplying 
the small jar b with the previous charge, the polarizing 
influence is not now so great as at first : and, conse- 
quently, the tendency of b to dispose of its inner-surface 
fluid is also proportionally less. However, you will ob- 
serve a bright flash and a smart report by again applying 
the discharging rod to the outer surface of a, and the 
ball o, of the small jar b ; and the latter again becomes 
charged. I will now again dischaj;ge the jar b, and 
render it neutral as before, by conveying anoUier portion 
of fluid from its outer surface. The charge , of the large 
jar A having now lost another portion of its fluid, li^ 
consequently suflRawd a corresponding relaxatbn of its 
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polarizing influence, and communicates to the inner 
surface of the jar b a still less tendency than before to 
dispose of any of its electric fluid to other bodies. Not- 
wi^tanding, however, this diminution of electric force 
in the large jar a, by every successive partial discharge 
through the medium of the jar b, the phenomena may & 
repeated many times over before a complete neutraUza- 
lion takes place ; and especially when the lower jar is 
large and tne upper one vei)r small. It is an experiment 
of great interest, and highly favourable to the theoretical 
views which Franklin entertained of electric actions. 

We will conclude this lecture by an exceedingly 
beautiful experiment : which, in consequence of being 
one in the series of experimental illustrations of the 
the theory of the Leyden jar, necessarily commands a 
corresponding interest. 

The instrument we are about to employ 
is usually called the diamond jar, in con- 
sequence of its metallic coating and lin- 
ing being made up of detached diamond- 
shaped spangles of tinfoil : as represented 
by Fig. 55. When the ball of the dia- 
mond jar is placed at a short distance 
from the ball of the prime conductor, 
a series of powerful sparks are trans- 
mitted to the jar : and as they cannot 
spread over the inner surface, from span- 
gle to spangle invisibly, they are seen 
jumping from one to another during the 
whole time that the charge is going on: and at the 
departure of the electric fluid from the exterior surface 
is also attended by a similar display of sparkling light 
amongst the spangles constituting the coating, the spec- 
tacle becomes very beautiful, especially when viewed 
in a darkened room. As the charge proceeds, the sparks 
become less ikequent and brilliant, because of the resis- 
tance presented by the fluid already accumulated on the 
glass to every succeeding spark from the prime conduc- 
tor. When the jar has become charged to a considera- 
ble degree of intensity, I accomplish its discharge by 
the uraal application the discharging rod ; and 



118 


you will observe a brilliant, but momentary, illumination 
of every part of the jar within the boundaries of the 
metallic spangles, which is the consequence of a sudden 
rush of the fluid from one surface of the jar to the other. 

LECTURE VIIL 

Notwithstanding the satisfactory character of the 
experimental data, presented to your notice in our last 
lecture, in illustration of Franklin’s theory of the Leyden 
jar, there are still some others, in connection with them 
of no less interest in support of that theory, nor less beau- 
tiful in the display of their phenomena ; on which account, 
and also in consequence of their aflbrding an opportunity 
of our making an important use of the negative side of 
the machine, it is in this stage of our illustrations that 
they can be most advantageously brought forward. 

We have already seen that a series of wires (Fig. 26, 
page 81), whilst transmitting an electric current, exhibit 
the electrical pencil and star at every opening in the 
metallic part of the circuit ; and that a pointed wire in 
the remote extremity of the prime conductor exhibits 
the pencil, and a similar wire attached to the rubber is 
tipped with the electric star. Now, as these phenomena 
are perfectly distinct from each other, and indicative of 
distinct functions of the metallic points which exhibit 
them, one might infer from these phenomena alone 
that, during the working of the machine, the prime 
conductor c, and the conductor o, in connection with 
the rubbers (see frontispiece), are in opposite electric 
states, which is absolutely the case, when both are 
insulated : hence that which is connected with the rub- 
bers, is usually called the negative conductor, whatever 
may be the fashion of the machine to which it is attached. 

To illustrate the different electric conditions of the 
two conductors still farther, I attach to each of them, by 
a long thread, a light paper gl^be ; and by bringing 
these balls to within the s]^ere of each others action, 
you will observe that they attract one another, and 
when permitted, they join in close contact 

This experiment, however, like the former one, serves 
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no other purpose than that of proving, according to the 
rules of the science, that the two systems to which the 
paper balls are attached, are in different electric states : 
but neither experiment is calculated to show that the 
conductor o, which is connected with the rubbers, is not 
in its natural electric state; or in the same electric 
condition as the floor on which the machine stands. We 
therefore still require another experiment to prove that 
the conducted o is, with regard to the surrounding group 
of bodies, decidedly in a negative state. This fact is 
easily ascertained by placing Henley’s quadrant electro* 
meter in a small hole in the upper side of the conductor 
o ; the repulsion of its index from the stem shows it to 
be electrical. 

If, whilst standing on the floor, any person presents 
the knuckles of the hand or any other part of the arm, 
close to that conductor, a series of smart sparks will pass 
between them, as decidedly as if those parts were pre- 
sented to the prime conductor itself. If I stand on the 
electrical stool, and whilst in connexion with the con- 
ductor o, o, 0 , I hold the quadrant electrometer in my 
hand, its repulsed index shows that the whole system, 
conductor, electrometer, and myself, are in an intense 
electric condition. 

1 have already stated, in a former lecture (see page 
69), that the insulated cushion or rubber of a machine 
yields but a small portion of fluid to the revolving glass, 
because of a want of supply from the ground. It is 
thus that the conductor to which it is attached becomes 
electro-negative as well as itself. Now the negative 
condition of all bodies being best enforced when me fa- 
cilities for the departure of the fluid is greatest, it will be 
obvious that the degree of electro* negation of the system 
attached to the insidated rubbers, will be regulated by 
the facilities afforded for the escape or departure of the 
electric fluid from the prime conductor: and, conse- 
quently, the rubbers ^th their conductor, attain the 
highest degree of negation when the prime conductor is 
in the most perfect uninsulated condition. Hence, in a 
practical point of view, we usually, by means of a 
chiun, connect the primt conductor with the table, 
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whilst operating with the other, or ne^aHve conductor* 

Having now shown the electric char^ters the two 
systems ^ conductors of the machine, we are prepared 
to proceed with our proposed experiments with the 
Leyden jar. The prime conductor being first uninsula- 
ted, I present the ball of a jar to the negative conductor, 
and a series of sparks are seen to pass between them, 
but gradually b^me less and less firequent until they 
entity cease. The jar is now in a high state of elec- 
trixation, which is proved by a proper application of the 
discharging rod : a bright flash of light, with a loud 
noise, announces the discharge of the jar ; which in this 
case was from the exterior to the interior surface : for 
the inside of the jar being in connexion with the negative 
conductor, became robbed of a great portion of its 
natural share, of electric fluid by the action of the 
machine, whilst a similar portion accumulated on the 
uninsulated exterior surface from my hand and other 
articles directly and indirectly in connexion with it. 
Hence we learn, that insulation of the surface of glass 
is not absolutely essential to its becoming electro-positive 
even in a high degree. We learn also by this experi- 
ment, that the jar, and the same remark applies to flat 
pieces of glass, can as easily be made to assume an 
electro-polar state, usually called a charged state, at 
the negative, as at the positive side of the machine. 

Our next step in the illustration is to show that two 
jars of equal sixe, whose balls are placed in close contact 
with the prime conductor during one and the same 
period of time, become charged to the same degree 
of intensiQr. To prove this fiict 1 hold one jar in 
each hand, and whilst the prime conductor is neutral, 
1 place both of their ba^ in contact with it. The 
machine is now put into motion, and when 1 think the 
charge sufdciently high, 1 take both the jars away 
at precisely the same moment, and |dace them on 
a sheet of tinfoil, previoosly laid^on the electrical stool. 
1 now apply the of the discharging rod to tiie balla 
oi tile jars, one to eadi ; no flash of light is observed, 
nor tile smiJlest spark seen by thus connecting theinner 
mafynoe of the two jarsi whkh indicates an egnahtatinn 
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of electric intenaity. I now apply the discharging rod in 
the usual way, to each jar separately, and find they both 
discharge with the usual phenomena of light and sound. 

1 next perform a similar experiment at the negative 
side of the machine, in order to show you that the same 
extent of electrization in the two jars, as regards one 
another, is the result in this case as decidedly as in the 
• preceding one. 

Having* proved these points in our series of illus- 
trations, i next proceed to show that the electric 
fluid can be transferred from one jar to another with 
nearly the same degree of facility as wine, or any other 
liquid, can be decanted or poured from one vessel into 
another. For this purpose 1 again employ the two jars : 
one of which 1 place uncharged on tlie tinfoil on tlu' 
electric stool; the otlier jar I charge by holding its 
ball to the prime conductor, and as soon as charged 1 
place it alongside the neutral jar. I now immediately 
apply one hall of the discharging rod to tlie ball of the 
neutral jar, and then bring the other ball towards the 
ball of the charged jar. A discharge from one jar to 
the other takes place, and by completing the metallic 
union of the jars by the discharging rod, about half 
of the fluid constituting the original charge has been 
transferred to the jar previously neutral. This fact is 
proved by the usu^ application of the discharging rod 
to each jar separately : by which means their discharges 
are accomplished; and by due attention to the two 
consequent flashes and reports, a tolerable good idea of 
the degree of their respective charges may be formed. 
Were the two jars of precisely the same thickness and 
character of glass, and of the same form and size, coated 
alike, &c., there can be no reason shown why, by this 
procefts, the electric fluid should not be equally divided 
between them. 

The converse of this experiment is made by applying 
the discharging rodsto the balls of the two jars, whilst 
one of them is neutral, and the inside of the other in an 
electro-negative state. A discharge of a portion of tlie 
fluid natn^y due to the inner surface of the former, to 
the inner (negative) mrflice of the latter, immediately 

L 
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takes place, and both inner surfaces become electro- 
negative. This negative state is equalized in the two 
jars by a few moments* contact with the discharging rod, 
and is nearly of one-half the intensity as that ^splayed 
by the originally electrized jar. The electro-positive 
state of the exterior surfaces of the two jars becomes 
equalized by means of the sheet of tinfoil on which they 
are placed, which in this and the preceding experiment, 
operates as a discharging piece as decide^y*a8 the dis- 
charging rod Itself. 

With the essentia] preliminary data now before us, 
we are well prepared for appreciating the beautiful and 
highly interesting character of the facts that our next 
experiment will develope ; and which, for the present, 
will conclude the experimental series expressly selected 
for this occasion in illustration of the Franklinean 
doctrine of the Leyden jar. 

In this experiment I shall electrize both jars at the 
same time, and, as nearly as I can, to the same degree ; 
but, as regards the inner surfaces, one jar shall be elec- 
trized positively and the other negatively. To ac- 
complish this 1 insulate both sides of the machine ; 
tliat is, both the prime and the negative conduc- 
tors. 1 then hold a jar in each hand and present the 
ball of one of them to the ^rime conductor, and the 
ball of the other to the neganve conductor ; aifter a few 
turns of the machine have been performed, I take away 
both jars at one and the same moment, and place them 
on the sheet of tinfbil, by which medium th^ exterior 
surfimes are connected. I now form an union between 
their inner surfaces by means of the discharging rod. 
The usual phenomena of discharge occur, and by a 
subsequent application of the discharging rod to each 
jar in^vidually, 1 find both jars to be neutral. From a 
comparison d this fact with the hate previously ob- 
served, we are constrained to infer that the discharge 
which took place was from the twe positive to the two 
negative sukscea; friat between the exterior surfroei 
be^ fiirough the medium of the joinkig tinlbil, and 
that between the interior auxfroes thrcei^ the me- 
dium of he discharging rod. Moreover, riiioe botb 
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jars became neutralized bj the diacharging proceast 
we infer, alao, that both jars were electrized to precisely 
the same extent ; and consequently, that precisely the 
same quantity of fluid left one jar as entered the other. 

On a retrospection of the progressive steps hitherto 
taken in this illustration of the theory of tlie Leyden 
jar, we see nothing but order, regularity and harmony, 
*in the series. The data concur, in the most strikingly 
exact maifner, in bearing out the general principles 
advanced by Franklin ; and I am not aware of any fact 
that militates against ^em. They aflbrd considerable 
advantages in the study of electricity, and form a code 
of laws not hitherto surpassed for beauty and interest in 
all the theoretical superstructures within the range of 
experimental philosophy. 

The grand actuating agent in all the multifarious 
operations of electricity, by expanding its influence into 
every explorable region of the universe, furnishes a 
splendid idea of the vastness of its sphere of action ; 
whilst a knowledge of the abundance and diversity of its 
phenomena, and of the mightiness of its power, enforces 
a confession of our inability to calculate on the immensity 
of its operations in the physical world. Lightning, the 
aurora borealis, and other grand appearances in the 
atmo^here, being imitable by electric action, and even 
traceable to its influence, proclaim the prevalence of 
this agency in meteoric productions : whilst the uni- 
formity of its laws in the display of magnetic and chemical 
phenomena, expand the claims of its influence in accom- 
plishing the most recondite operations that nature has 
reveal^ to man. 

In its present state of cultivation, electricity has become 
a more prolifle source of surprising and dazzling pheno- 
mena than any other of the experimental sciences ; and 
for the mere purpose of entertainment and the excitement 
of wonder, a display of brilliant electric experiments, 
even when performed in the most promiscuous and 
confused order, never foil to aflbrd ample gratifleation 
to the curiosity. The studious observer, nowever, whose 
business is to inquire into the true beauties of the science, 
requires the most judicious arrangement of the phenomena 



that can possibly be devised, in order to facilitate his 
acquaintance vrith them, and with the laws by which 
they are displayed and associated with each other. Such 
a classification being almost indispensable at this stage of 
our illustrations, we will first distinguish all the varieties 
of electric phenomena by a general classification, and 
afterwards proceed to their illustration in the same order 
in which they are named. • 

The four grand divisions of electrical phenomena are 
the mechanical, the chemical, the magnetical, and the 
physiological : they are frequently simultaneous pro> 
ductions, and also attended by heat, light, and noise. 

Electro>mcchanical phenomena can be exemplified by 
such an exteasive variety of experiments, that tlie choice 
is very great, although some difficulty may present itself 
in selecting the most suitable for illustration. We will, 
however, endeavour to fix upon some of the most simple 
cases, and avail ourselves of the best means of ensuring 
success ; for which purpose we shall require the assistance 
of another piece of apparatus, called the universal 
discharger. 

This instrument, Fig* ^6. 

which is represented 
by Fig. 56, consists of 
a mahogany base board, 
near to each end 
which is fixed a glass 
pillar, surmounted by 
a brass piece, consisting 
of a socket for the in- 
troduction of the upper end of the pillar, an universal 
joint, and a small spring tube for ffie reception of a 
sliding brass rod. The brass rod moves freely in the 
tube, and is furnished with a loop at one extremity, and 
a brass ball at the other : the latter screws on to the wire, 
whicli terminates in a sharp point, which, by taking 
away the ball, can at any time be exposed when re- 
quii^ for experiment. From the centre of the base 
board rises a short wooden pillar, which carries a small 
table, for the purpose of placing on it certain objects for 
experiment. 
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Tint table can at any time be removed from its 8up> 
porting pillar, and replaced by another exceedingly uteral 
appends^ called the press. It consists of two flat 
pieces of well-polished mahogany, i\irnished with a 
screw-bolt at eac^ end, by means of which the boards 
can be screwed firmly against any article placed between 
them. Fig, 57, is an edge view of die Rg- ^7. 
electrical press ; which, when the shank s, 
is placed in* the socket of the pillar of the 
universal discharger Fig. 56, is ready to 
receive those articles on which the experi- 
ments are to be made. 

If now we raise both balls of the universal discharger 
from the table, and adjust them to about an iilch from each 
other, and connect the loop of one of the sliding wires 
with the prime conductor, and the loop of the other wire 
with the floor, a series of brilliant sparla will be seen dart- 
ing between the two balls, and the fluid constituting them 
w^ pass off invisibly, through the uninsulated series of 
conductors in connexion wim the receiving bai, to the 
ground. If the balls be bivught closer together, the 
sparks will be smaller and more frequent; and if 
removed farther asunder, the sparks become more pow- 
erful and brilliant, and make a louder noise, but will 
ap^ar less frequently than before. 

To give an idea of the mechanical eflects of such 
sparks as these, 1 place against the receiving uninsulated 
ball a ply of thick writing paper. The s^ks pass, as 
in the previous experiment and by removing the paper 
to and fro, I cause them to impinge on various parts 
of its surfsce. On examining the paper it is found 
to be perforated in all those places where the sparks 
struck it, and appears like an exceedingly fine colander 
or rieve. 

We will now increase the resistance against the pas- 
sage of the sparks, by placing a double or a treble ply of 
paper in thefr way ; ^ill, however, we find they make 
their way through them : but by increasing the plies of 
paper the redstance becmnes too great for the electric 
force to overcome. 

These specimens of the mechanical eflbcts of electric 
forces, though minute, are tur from being contemptible 
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illustrations of the tremendous havoc which formidable 
discharges are capable of producing. 

The electro-mechanical forces producible by sparks 
from even the largest prime conductor that any marine 
can charge, are much inferior to those accompanying 
the discharge of a Leyden jar. If, for instance, 1 
charge a jar to a high degree of intensity, and then 
discharge it in the usual way, the superior brilliancy of 
the flash over any that attends the discharge* of a prime 
conductor alone, indicates the transmission through the 
air of a greater mass of electric fluid ; whilst the diffe- 
rence of the noise proclaims a corresponding difference in 
the quantities of air displaced, which, with its subsequent 
collapsion, are the electro- mechanical effects of the res- 
pective discharges. 

To illustrate the mechanical effects of discharges from 
coated glass still more conspicuously than by attention to 
the flash and report only, we will place between the balls 
of the discharger a whole quire of writing paper, pressing 
tlie balll closely against its two opposite sides, and con- 
necting one of them with^Jhe tinfoil on which the jar is 
to be placed. When the Jar is charged to a high inten- 
sity, as indicated by the quadrant electrometer, I apply 
the discharging rod to tlie other wire of the universal 
discharger and the ball of the jar. The discharge takes 
place through the quire, every leaf of which is perforated 
by the transit of the fluid. 

We will vary this experiment by operating on another 
quire, which is purposely made somewhat damp. I 
charge the jar to the same degree of intensity as before ; 
and then discharge it through the damp quire. The 
leaves in this case are not only transpierced, but many 
of them are tom to a great extent, and in a very curious 
manner : showing that the electro-mechanical effects are 
greater in this than in the previous experiment, which 
arises from the damp paper offering a less resistance to the 
electric force than that presented by the dry paper. There 
is also another cause for the paper being so much tom in 
the last experiment. The heat, which always attends elec- 
tric discharges of high intensity, has in this case converted 
a portion of the moisture into steam, which by its sud- 
den expansion necessarOy assists in tearing tl^ paper. 
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We will now endeavour to show the electro-xneehanical 
action of discharges of similar quantities of fluid under 
difierent circumstances of intensity. For this purpose 
we shall be obliged to employ jars of different sixes : 
two jars, for instance, whose coated surfaces are nearly 
as one to two. For more exact measurement of the 
mechanical effects of electric forces, under different 
* degrees of intensity, it might be necessary to be more 
exact in pfoportioning the size of the jars ; but for a 
general illustration of facts only, it is merely necessary to 
have one of the jars considerably larger than tlie other. 
In very nice enquiries of this kind it would be useful to 
have the assistance of an exact measurer of quantity : but 
I have already stated that we have no instrument hitherto 
contrived that will measure exactly the?elative quantities 
of the electric fluid in the charges of coated glass, nor 
indeed of any electric charges whatever. Attempts, 
however, have not been wanting to supply this great 
desideratunif but hitherto without success ; and as none 
of the instruments intended for quantitive measurement 
can render any assistance in our present illustrations, we 
shall defer further notice df them till our concluding 
lecture, in which the particulars of their structure and 
the principles of their action will be clearly pointed out. 

For our present illustration we will depend on the 
uniformity of the machine’s action during the short 
period of time that will be occupied by the experiments, 
and in this we shall not be liable to much error. Ac- 
cording to this supposition, therefore, each revolution 
of the glass plate of the machine will produce a certain 
quantity of the electric fluid, which certain quantity 
shall be our unit of measure ; and two of these units 
shall constitute our standard quantity in the experi- 
ments. 

Now, as we are about to show the mechanical action 
of this standard quantity of the electric fluid under two 
different degrees oftintensity, which in this case will be 
nearly as one to two, or, in other words, the intensity of 
the small jar’s charge will be about twice the intensity of 
that of the large jar : it will be convenient to have some 
standard resistance for these electric forces to act against. 
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This standard resistance sliall be six dry paper cards, 
each about the thickness of a common playing card, i 
place these six cards edgewise on the table of ue univer- 
sal discharger (see Fig. 56| page 124) between the two 
balls of the sliding wires, which I press against them, 
taking care that they are exactly opposite to each other. 
One of the sliding wires I connect with the metallic 
plate on which the jars are to be placed, and the other, • 
by means of the dij^har^ng rod, will be made to com- 
municate with the interior of the jars when the dis- 
charges are required. 

Having thus pointed out the conditions of the opera- 
tions and the arrangements for canning them into effect, 
we will now proceed to the experiments themselves. 

I first charge the large jar with the fluid excited by 
two revolutions of the glass plate of the machine, and 
afterwards place it on the metallic plate in connection 
with one wire of the universal discharger. This done, 

1 immediately apply the discharging rod, but no flash of 
light is seen, nor is any report heard, excepting a feeble 
hissing noise at the cai^. This hissing noise, however, 
indicates a partial discharge having taken place ; and by 
applying the discharging rod to the coating and ball of 
the jar, the remaining portion of the charge is discovered. 

We next charge the smaller jar, by the standard 
quantity of fluid produced by two revolutions of the 
machine, and when charged, place it on the metallic plate 
in connexion with one of the wires of the universal 
dischargm*; and then apply the discharging rod as 
before. Ihe usual phenomena of flash and report occur, 
indicating a sudden discharge to have taken place ; and 
on examining the cards we And every one of them per- 
forated, the fluid having transpierced the whole pad(. 

These facts are of a highly interesting character, 
whether practically or theoretically considered. A 
knowledge of them assists the experimenter in prosecut- 
ing certain of his operations with siipeess : and the jdii- 
losopher discovers in electricity the same laws of com- 
pressibility, tension, and elastic force, as those he is 
funiliair v^th in other branches of physics. 

Kow, since forces of afl kinds are proportional to the 
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resistftiicea they are capable of OTercoming, and where 
practicable, may be accurately measured by those resis- 
tances : and since the resistance which the cards presented, 
in the two last experiments was too great to be overcome 
by the fluid of the large jar, but was completely vanquished 
by that of the smaller one, it follows, that the mechanical 
force in the former case was less than the mechanical 
force in the latter, though the same quantity of fluid 
was brought into play in each. Again : tlie standard 
quantity of fluid was distributed over two coated surfaces 
whose measurements wore as one to two ; and, accordingly 
with the general law of condensation of elastic fluids, 
the densities of the electric charges would be inversely 
proportional to those surfaces: or the density of the 
electric fluid in the small jar would be twice the den- 
sity of that in the large one. In electrical language, 
density corresponds with the term intensity : therefore 
intensity implies density of the fluid ; the degrees of the 
one corresponding to the degrees of the other. Now, 
as the mechanical force of elastic fluids generally, is in 
the ratio of their densities, and as the effects of the 
experiments have shown that electro-mechanical forces 
correspond to the same law, it follows that the mechani- 
cal efiects of electrical discharges might be esti- 
mated with nearly the same degree of accuracy as 
those of the air-gun, or of any other application of 
pneumatic force : the intensity always implying the 
density of the fluid constituting the electric charge. 

The experiments that may be brought forward in 
favour of the electro-mechanical forces being subjected 
to the same laws as govern pneumatic forces, are not only 
numerous, but also satisfactory, as far as our present 
means of experimental admeasurement admit of ap- 
proaches to acciuracy. But, unfortunately, no means 
have hitherto been devised by which researches in this 
branch of electricity can be expected to be attended 
with rigid uniformity of results, from which alone the 
data essential for calculation can be collected. The 
torsion balance electrometer (Fig. 22, page 64), is the 
only instrument by which even an approach to accuracy 
need be expected in the admeasurement of electric 
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forces of different degrees of intensity. Bat the applica- 
tion of this beautiful instrument is limited within very 
narrow bounds, and to feeble forces only. 

The quadrant electrometer (Fig. 31, page 89), al- 
though an almost indispensable instrument in operations 
with high charges on glass surfaces, is far from being an 
exact i^cator of eren the relative intensities of such 
charges ; and has no pretensions whatever as an indi-* 
cator of quantitive admeasurement. If the^forces ope- 
rated merely between the pith balls at the termination 
of the index and some fixed point on the stem, tlie 
ascent of the former causing the distance between it 
and the fixed point to vary, would necessarily require a 
calculation which would t^e into account the variation 
of the forces at different distances ; but the complexity of 
calculating the intensity of the forces by the indications of 
the quadrant electrometer, is still greater than under 
this supposition ; for the whole length of the stem, and 
also the whole length of the index, being under the 
influence of the electric forces, and those forces not uni- 
form the whole length of each line, the mathematical 
formula necessary for such computations would be too 
complex to admit of general adoption in electrical en- 
quiries, and quite out of place in these lectures. Notwith- 
standing, however, the quadrant is an exceedingly useful, 
and indeed a valuable instrument, to the experimenter ; 
for to those accustomed to its indications, it shows the 
progress of the charging process, expresses certain points 
of intensity required for particular investigations, or for 
experimental illustration ; and, by giving timely infor- 
mation when danger is at hand firom too high a charge, 
which might force its way through the body of 
glass, the quadrant electrometer stands high in the 
&vour of the electrician, as a protector of the most 
expensive part of his apparatus, from frequent and utter 
destruction. 

From the desiderata thus enumdated, it will appear 
obvious that all that can be accomplished whilst iUus- 
trating this particular topic, is to proceed with such 
popular experiments as tend most to &vour those 
laws of electro-mechanical forces which, we have reason 
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to suppose, correspond with the laws of pneumatics. To 
a certain extent, our two last experiments have answered 
this purpose ; but we will proceed with a few more, in 
order to extend the analogy and render the illustration 
still more complete and sadsfactory. 

In the experiment we are about to perform, six new 
cards, similar to the former, shall be placed in the circuit, 
dn the table of the universal discharger. I charge the 
large jar with the fluid produced by two turns of the 
machine, having first taken care that the machine had 
got into an uniformity of action. In endeavouring to 
discharge the contents of the jar through these cards, I 
again fail : the resistance presented by them being too 
great to allow of their being broken through by the force 
employed. 

Now, in our previous experiments in these illustra- 
tions, no change was made in the resisting bodies : a 
difference in the intensity of the charges being all that 
was required at that time. In the present case, how- 
ever, we must proceed in a different manner, and instead 
of varying the intensity of the charge, we will vary the 
resisting force. This may be accomplished in different 
ways : we may diminish the resistance by reducing the 
number of cwds, or by moistening them with water, 
and by taking advanti^ of both these methods, the 
resistance may be reduced to a very low degree. 

We will first reduce the resistance to one-half of that 
before employed, by taking away three of the cards, and 
pressing the remaining &ree with the balls, between 
which they are placed. The large jar being again 
charged by the standard quantity m electric fluid, and 
plac^ on the metal plate, we again apply the discharging 
rod : the discharge takes place, and the resistance is van- 
quished: the whole pack bm'ng transpierced by the 
electro-mechanical action. 

We next employ six new cards, four of which have 
been slightly 80 idDed 4 n water. These wet cards we 
place in the centre of the pack, between the two dry 
ones. A discharge of the standard quantity of fluid 
from the large jar transpierees the whide (tf them : some 
of the wet wds being tom in various directioiis. 
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All these experimental facts tend to favour the idea 
that electro-mechanical forces, like the forces of all other 
elastic fluids, are proportional to the density or state of 
compression, the quantity being constant, and that the 
effects produced are proportional to those forces. 

The greatest havoc amongst a pack of cards by electric 
discharges, is made when the cards are a little moist and 
not closely packed together. Under these circumstance* 
they are frequently torn in a strange manner, when 
the electric force is considerable and a great quantity of 
fluid transmitted. 

From the electro-mechanical effects we have hitherto 
had an opportunity of observing, our minds become 
naturally impressed with the idea of an electro-momentum ; 
which, in accordance with the laws of dynamics, ought 
to be proportional to the quantity of electric matter 
discharged, and the velocity of its motion : that is, the 
one multiplied into the other would give the momentum. 
In mathematical language m^q v ; in which formula m 
represents the momentum, q the quantity of matter in 
motion, and v the velocity with which that matter 
moves. 

Now, although we cannot pretend to nice admeasure- 
ments, we have some experimental facts which are in 
strict accordance with the doctrine of momentum. It 
has already been seen that the quantity of fluid produced 
by two revolutions of the machine, when operating 
against the six dry cards, produced very different effects 
when discharged under different circumstances of inten- 
sity. Now, as the velocity of air, or any elastic fluid, when 
escaping through any given aperture or channel from 
confinement, would be proportional to the degree of its 
compression, or density ; and as the whole of that air 
whi<^ had been forced into confinement, would be dis- 
charged in one body in a moment, were the aperture of 
proper dimensions and suddenly opened, it follows 
that the initial momentum of thatibody of air would be 
proportional to its density prior to its discharge. But 
we nave already seen that the mechanical force of air is 
also proportion^ to its density; therefore the mechanical 
fbree is also proportional to l^e initial momentiim : and 
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consequently the initial momentum is proportional to the 
effects produced : or, which amounts to the same thing, 
to the quantity of resistance which the force is ciqiable 
of overcoming : or more strictly, to the resistance which 
the force would exactly balance. 

By applying similar reasoning to our electrical dis- 
charges, that is, estimating the momentum by the 
• quantity of resistance overcome, we have reason to infer 
from those* cases where the same standard quantity of 
fluid was capable of overcoming the greater resistance 
when discharged from the high degree of condensation, 
that the velocity, and, consequently, the momentum, 
was greater in the former than in the latter case: and a 
series of carefully prosecuted experiments would be 
productive of results which would approach closely to 
an accordance with the laws of pneumatic forces. 

We will now proceed to experiments by which it will 
be proved that the electro-mechanical action can be 
modifled by the fluid traversing conductors of different 
qualities, and of different dimensions. 

I charge the large jar until the index of the quadrant 
electrometer reaches 80^, and I discharge it against six 
cards, placed as before between the balls of the universal 
discharger : the whole pack becomes transpierced. 1 
now vary the conducting part of the circuit by the 
introduction of an insulated basin of water, at an opening 
in the metallic part of it. This done, the jar is again 
charged to 80** ; but in this case the resistance of the 
six new cards checks the discharge and they remain 
uninjured. 

If now we operate against one card only, we immedi- 
ately accomplish its perforation, although the discharge 
he transmitted through the water as before. Thus we 
learn that the water, although a conductor, offers a 
considerable resistance to electric forces : and the result 
of our next experiment will show that the resistance is 
considerably exalted by diminishing the transverse 
dunensions of the aqueous conductor. 

It is very well known that the discharge of this large 
jar from an intensity of 80^, if transmitt^ in the usual 
way through even an extensive chain of persons joining 
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hands, would produce a violent shock to every one in 
the circuit ; and if transmitted through one individual 
only, the effects might be of serious consequence. Now 
although the shock would be very much abated by 
transmitting a similar discharge through the basin of 
water, it would still be far from agreeable : but by em- 
ploying a narrow thread of water in place of the basin- 
ful, the effect of the discharge may be reduced till no * 
shock can be experienced. • 

To illustrate this fact, I place a wet hempen thread in 
the circuit, and myself in another part of it, taking care 
to stand on the insulating stool. With one hand 1 take 
hold of the loose end of Ae wet thread, and in the other 
hand I hold a stout brass wire, terminated by a ball of 
the same metal. When the large jar is charged to 80®, 
as in the preceding cases, 1 approach its bidl with the 
ball that 1 hold in my hand ; ^e discharge takes place, 
and the contents of the jar are transmitted through my- 
self; but 1 experience no shock, nor any disagreeable 
sensation whatever. In this case, the momentum 
which such a charge of fluid would produce when trans- 
mitted in a compact body, and with the usual velocity 
through good metallic conductors, is entirely done away 
with, on two accounts: the velocity is abated by the 
inferior aqueous conductor, and the fluid, during the 
discharge, is drawn out into a stteam, and does not 
pass through any section of the circuit in sufficient 
quantity at a time to produce much momentum. The 
discharge, under these circumstances, may be compared 
to a discharge of air through a narrow sieve, with ex- 
ceedingly small apertures, which, by being retarded, and 
drawn out into a harmless breeze, loses all that powerfrd 
mechanical action which it would assume were it liberated 
in a body. 

By making an extensive series of experiments on 
cards, paper, &c., with uninterrupted discharges, we 
And many curious effects produced.o In some cases the 
fluid ptOBCB through some of the plies and not throng 
the rest: in sevml instances the cards are curiously 
tom; and in all cases a peculiar odour, resembling that 
of phosphorus, is left on every piece of card or paper 
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operated on. Some of these effects will be shown in - 
another part of this lecture. 

We may now try the electro-mechanical powers on 
some other kinds of matter. Let us take a piece of veiy 
stiff pipe-clay, roll it into the shape of a cylinder, ani 
introduce two wires to its axis, one at ea^ end, and 
push them into the clay till they are within about one- 
• eighth of an inch of meeting ea^ other in the centre of 
the cylinAsr. Now it is very obvious, that if the clay 
between the inner ends of the wires does not offer too 
great a resistance, the discharge fVom the jar will pass 
through the cylinder. We will charge the large jar to 
80**, and now, by discharging it through the route 1 have 
pointed out, you find that &e pipe-clay is no longer of 
a cylindrical form, but has bulged out at the centre 
round the opening between the wires. This effect is 
occcasioned partly by the expansion of a small quantity 
of air in that part of the Fig. 58. 

clay, partly by the direct 
expansion of the electric 
ffuid, and possibly by the 
conversion of a small por- 
tion of the moisture into 
steam. Fig. 58 will repre- 
sent the pipe-clay both be- 
fore and after the dilcharge of the jar. When the pipe- 
clay is not too moist it is frequency shattered to pieces. 

There is a very interesting electro-mechanical ex- 
periment made with an instrument called the electric 
mortar : it is the invention of Father Beccaria. This 
pretty little apparatus is an ivory model of a military 
mortar, such as is employed for throwing bomb-shells. 
The ball is also of ivory, and reaches o^y a little way 
down the piece. The bottom 
of die bore of the mortar 
is c<mical. Through oppo- 
site sides of the mostar, near 
the breach, are passed two 
small brass wires, which al- 
most, but not qnite, meet 
in the bottom of the bore. 

See Fig. 59. One of these 
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wires is connected, by means of a brass chain, with 
the outside of the jar, and the other with one branch 
of the discharging rod. Now, all being ready, that 
is, the ball in the mortar, and the jar charged to 
80 ®, or upwards — fire. You see the flash of electric 

light, and hear the report as usual, but the ball 
has not left the mortar. This is often the case under 
these circumstances ; but if we vary the experiment, by • 
merely moistening the bottom of the mortar’c bore with 
a drop of water, between the inner points of the wires, 
we shall succeed in propelling the ball to a considerable 
distance — even twenty or more yards. 

Now I think it is pretty obvious, in this case, that a 
portion of the moisture was converted into steam, whose 
expansive power had much to do in projecting the ball. 
It is obvious, also, that since a moderate sized jar, such 
as we have hitherto used, will project a ball to so great 
a distance, a larger jar, or, still better, several jars pro- 
perly arranged in a manner which I shall shortly ex- 
plain, when discharged in a similar manner through a 
small portion of water, would be the means of suddenly 
generating a sufficiency of steam to project a large 
ball to a great distance indeed. 

Another exemplification of the electro-mechanical ef- 
fects produced by the discharge of a jar, is that of 
breaking through masses of ha^* matter; if, for, in- 
stance, we send the discharge through a piece of lump 
sugar, it will be broken into a great number of small 
fragments, and scattered in all directions ; and when 
the experiment is made in the dark, you will observe 
tiiat every fragment has become illuminated with some- 
thing' like a feeble phosphorescent light ; and, as in other 
cases of electric discharges, the peculiar odour is deve- 
loped on every fragment of the sugar. 

By discharging the jar through a thin piece of resin, 
or hard seiding-wax, similar m^anical effects to those 
on the sugar are produced, but the (phosphorescent light 
does not appear. We can break common window glass 
very easily by similar electro-mechanical powers. To 
prove this fact, let us place a narrow strip of gold leaf 
between two slips of glass, and having squeezed them 
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close together in the electrical press, Fig. 57f page 135, 
and put the press in its proper place in the uniyersal 
dischaiger. Fig. 56, page 124, we bring the balls of 
the sliding wires of the instrument into connection with 
the extremities of the gold leaf, one to each. This done, 
and the jar charged to a high intensity, we transmit the 
charge through the circuit. The glass is broken to 
«piece8, and the gold leaf has disappeared, being con- 
sumed or cenTert^ into an oxide. Some of the gold, 
however, is absolutely forced into the glass in a pure 
metallic form. By a similar process, on a large scale, 
we are enabled to produce beautifhl permanent speci- 
mens of the effects of electro-mechanicid forces. 

Another method of breaking the glass, is by placing 
two thin wires between two pieces of glass, in such a 
manner that they point towards each other, in the mid- 
dle of the glass, without being in contact. When the 
discharge is sent through these wires, an explosion takes 
place at the opening, and if the glass be hard pressed 
down, by a weight or otherwise, it is generally broken 
into small fragments : even the weight itself is agitated 
by this process. 

This last effect has given rise to the idea of forming 
an experiment the effects of which should be imitative 
of those of an earthquake. A few small light models of 
houses are placed on a flat slab of ivory, which covers the 
two wires through which the discharge is transmitted, and 
the explosion between the inner points of those wires 
shakes the ivory; and its little town, when properly 
built, is overthrown by the shock. When this experi- 
ment is made on a large scale it has certainly a very 
imposing effect 

If we insert two pointed wires in a thin piece of deal 
wood, with a snuill space between them, a discharge 
from a large jar will splinter the wood", but much pre- 
caution is required to succeed with this experiment. In 
all these cases the eflfiicts are produced by an expansive 
or lateral electric force. 

In all the electro-mechanical operations, the direct 
effects are enhanced by conflning the action within 
narrow limits, or by concentrating the electric fluid in 
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that part of the circuit where those effects are intended 
to be produced ; and 1 know of no instance of electric 
action which better illustrates this position than that 
produced by the experiment 1 am now about to offer to 
your notice. 

In a small glass phial, containing sweet oil, I place a 
iinely-pointed brass wire, which passes through the 
axis of the cork. The upper end of the wire is formede 
into a ring, or is terminated with a brass ball, and the 
lower end, just above the point, is bent at a right 
angle, so that the point can be brought into contact 
with the inner surface of the phial, below the surface of 
the oil. I now hold the phial in my hand, and place the 
thumb against that part of the glass nearest to the point 
of the wire. With this position of the wire and the 
thumb, I take a few sparks from the prime conductor to 
the ring of the wire, and these sparks absolutely pass 
tlirough the glass, and produce a pungent pricking 
sensation on the thumb. By turning the wire, so that 
the point may touch another part of the glass, another 
perforation is immediately produced ; and they may be 
made sufliciently large to permit the oil to pass through 
them. Now, the oil being a non-conductor, and the 
wire reduced to a point, the sparks become much con- 
densed at that part of the circuit, and produce a mechani- 
cal effect on tlie glass, which cannot be accomplished 
when the point is surrounded with air, which gives way 
by the slightest explosion, and allows of an attenuation 
of the electric force. 

We have alluded to some other curious effects pro- 
duced by experimenting on cards and paper, which will 
be worthy of notice in tliis place. 1 will place a card 
vertically between the balls of the universal discharger, 
which do not press firmly against it, but merely prevent 
it from falling, whilst its lower edge rests on the small 
table. Thus arranged, 1 discharge the jar through the 
card, and the usud perforation made ; but by close 
observation you will find that the card, about the edges 
of the hole, is protruded on both sides, as if the electric 
fluid bad pass^ in opposite directions. Few experi- 
ments in electricity have caused so much discussion 
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as this one, and its trifling variations. It has been the 
means of leading philosophers to very different opinions 
respecting the cause of the two burs on the opposite 
sides of the card, and has, consequently, b^n the 
subject of much ardent discussion. Dr. Franklin was 
the first person who pierced a card by an electrical 
discharge, but the protrusions on the opposite sides 
• were first observed by Mr. Symraer on one of the cards 
which had been pierced in Dr. Franklin’s experi> 
ments. Mr. Symmer made many experiments of this 
kind, varying them in several ways, alJ of which pro- 
duced similar efiTects, and led this electrician to infer 
that there are two opposite electric fluids dependent on 
each other, that they may be uncombined by the power 
of the machine, and occupy the opposite sides of a jar 
or any other charged glass ; but by means of a. con- 
ducting communication, they avail themselves of the 
opportunity of reuniting with a promptitude unparalleled 
by any 'Other kind of matter, and thus, whilst travelling 
in opposite directions, produce all the efiects of electric 
forces, the double protrusion of the card being supposed 
to be an instance of the efiects of their opposite actions. 

If we vary this experiment by perforating several 
plies of writing paper instead of the single cord, we find 
that the protrusion of the paper from the centre of the 
pile is in opposite directions, and that no individual ply 
of the paper has the protrusion, or bur, as it is often 
called, on both sides. Many attempts have been made 
to explain this phenomenon, though it must be acknow- 
ledged, not very satisfactorily. Those who advocate the 
existence of two electric fluids, think their views 
triumphantly demonstrated by the double bur experi- 
ment ; whilst others consider that expansion is the real 
cause even of both burs, which is by far the most pro- 
bable view, though it generally happens that the bur or 
protrusion on the positive side is smaller than that on 
the negative side. ^ 

If, instead of a card or several plies of paper, we were 
to set up a piece of tinfoil between the balls of the uni- 
versal discharger, a discharge from the jar will perforate 
the foil. But any inferior conducting substance can be 
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much easier penetrated when the expansion of the electric 
fluid is more limited, than whilst passing through the 
UDconfined ai^; that is, by surroun^ng the interruption 
with more dense fluids, such as oil, or even water. 

If we immerse a pointed wire, bent as in the experi- 
ment with the phial of oil, to some depth in a tumbler 
of water, and opposite to the point, place a thin piece of 
metal, such as thin sheet brass, then by passing a series 
of sparks from the prime conductor through the pointed 
wire to the thin metal, the latter will become perforated 
by the mechanical action of sparks which passed from 
the point* When the sparks are passed through oil in- 
stead of water, they are still more compact by a less 
lateral expansion, and accomplish the perforation sooner. 
The latend forces, however, in all these cases, are still 
considerable, and mechanical eflects are produced by 
them as decidedly as by the direct action. 

It must be here noticed, however, that if a bullet be 
discharged from a gun through a sheet of copper, eflects 
are produced analagous to those exhibited on the card 
or paper by an electrical discharge. I have lately re- 
ceived from my friend, Mr. Marsh, of Woolwich, two 
penny pieces which were shot at whilst flying in the air ; 
and ^ey are both pierced by the leaden shot ; one of 
them by a bullet from a rifle, which has taken a piece 
out of the side of the coin, to the depth of little more 
than half a diameter of the ball, leaving a bur on each 
side of the metal, along the margin of the semi-lunar 
breach at the edge of the coin. The side which was 
hit by the bullet is easily known by the copper being 
bent by the blow, and the bur on that side is far 
smaller than that on the other or ofi* side. The other 
penny has been struck by seven small leaden shot 
— perhaps the size of duck shot — ^four of which have 
pierced the coin, and the other three have made deep 
indentions, but not passed through. In this, as decidedly 
as in the former case, the bur occurs on both sides, but 
less on the near side, or that which tne bullet first struck, 
than on the other. 
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LECTURE IX. 

In many electrical enquiries experimenters have found 
it necessary to augment the force beyond tliat which 
can be accumulated by a single jar, however large, 
which has given rise to the formation of the electrical 
J)attery, consisting of several jars, so arranged as to have 
the whole of their inner surfaces united by metallic con- 
ductors, ana all their outer surfaces also united by 
similar means. In Fig. 60, we have a battery of this 
kind very accurately represented. The battery consists 
of twelve jars placed in a mahogany box, whose inside 
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is lined with stout tinfoil, which, of course, comes into 
intimate contact with the metallic coatings of the whole 
series of jars. From the inside of each jar rises a stout 
brass wire, and the twelve jars are divided into three 
groups of four each, by three brass rods, each of whicii 
unites the interior of four jars ; and, by means of two 
cross wires or rods, the groups of jars can be united with 
each other; so that, by this contrivance, we have an 
opportunity of employing either four, eight, or twelve 
jars, as we please. The horizontal rods are terminated 
with well polished brass balls, to prevent loss of fluid. 

When we employ the battery of jars, we bring one of 
the horizontal rods ii^to connection with the prime con- 
ductor, and it is obvious that, by these means, the whole 
of the jars will become charged at the same time ; and 
by connecting one of the branches of the discharging 
with a chain in connection with the lining of the 
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box, and approaching any of the rods with the other 
branch, the discharge, of the whole will take place. 
There are, however, many precautions to be taken in the 
employment of a formidable battery, some of which it 
may be necessary to point out before we proceed to 
experiments with it 

In pointing out the particulars to be attended to in 
the employment of the electrical battery, I shall in the 
first place observe, that if the battery be charged to a 
high degree of intensity, and discharged in the usual 
way of discharging single jars, and especially if the cir- 
cuit between the inner and outer surfaces be short, one 
or more of the jars is almost sure to be broken, and the 
battery, consequently, so far spoiled that it cannot be 
charged again until the broken jar, or jars, be removed. 
Thence the necessity of watching carefully the progress 
of the charge, so that we may make the discharge before 
the intensity gets too high. To prevent accident, by 
inattention or otherwise, from too high a charge, Mr. 
Cuthbertson invented a discharging electrometeTf by 
* means of which the battery will discharge itself at any 
required intensity, without depending on the attention 
of the operator. 

Fig. 61 is a representation of Cuthbertson’s discharg- 
ing electrometer. It consists of a stout mahogany 
Fig. 61. 
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board as a base, from which rise two glass pillars, o and 
Q, the former of which is rather stout, and the other only 
slender ; the latter is surmounted wiUi a brass ball, into 
which is screwed one end of a stout brass wire, to which 
the outside of the battery, either directly or indirectly, 
is to be connected. The other glass pillar, o, carries 
vertically a wide brass tube, terminated at each end by 
a hollow brass ball, into the lower part of which is in- 
serted, and firmly cemented, the upper end of the sup- 
porting glass pillar ; and into one side of that brass ball 
is screwed a horizontal tube or stout wire, bent upwards 
near the outer end, and terminated by a brass ball, p, 
as seen in the figure. Through the middle of the upper 
large brass ball passes a horizontal brass rod, c d, ter- 
minating in a ha\\ at each extremity. This rod is nicely 
balanced on a knife-edged fulcrum in the interior of the 
large hollow brass ball ; and the arm, c, which projects 
over the lower bent arm o p, is graduated, and furnished 
with a sliding weight, which, when placed at different 
distances from the fulcrum, loads the arm with a pro- 
portionate weight, from one grain to sixty grains. The 
ball c of the graduated arm of the balance rests upon the 
ball p of the lower bent arm. The ball D, at the other 
end of the balance, will then be four inches from the 
other ball q, which surmounts the slender glass pillar. If, 
now, the metallic part of the instrument, supported by 
the stout brass pillar, be connected with the prime con- 
ductor, or the interior of the battery, then, while the 
latter is charging, there will be a repulsion between the 
ball p of the bent arm, and the ball c of the balance 
which rests on it ; and, at the same time, an attraction 
will take place between the other two balls n and q ; 
and when these repulsive and attractive forces overcome 
the weight at the other end, c, of the balance, the at- 
tracted arm will descend, and discharge the battery on 
the lower ball q. Now, as the attractive and repulsive 
forces are supposed to4>e proportional to the intensity of 
the charge, and as these forces have to overcome the 
load at the other end of the balance, that load, whatever 
it may be, is considered to be a proper measure of the 
intensity of the charge, and is, unquestionably, the nearest 
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approach to that measure hitherto arrived at, though 
by no means perfectly correct. The instrument is usu- 
ally surmounted by a quadrant electrometer, as repre- 
sented in the figure, as an indicator of the progress of 
the charge, which is not shown by the discharging 
electrometer itself. 

It is obvious, from a consideration of the beautiftil 
arrangement of the various parts of this instrument, df 
the principles upon which it operates, and ©rits functions 
as a self-discharger at any required intensity, that it is 
well calculated to relieve Uie anxiety, and dispense with 
much of that attention of the experimenter, which he 
invariably labours under by the employment of the or- 
dinary discharging rod alone ; for the sliding weight 
being once adjusted on the horizontal arm, for any given 
intensity, and the body to be operated on properly placed 
in tlie circuit, the experimenter’s care is at an end, as 
the machine has now only to be worked till the dis- 
charge takes place. 

The mechanical action from a discharge of an exten- 
sive battery of jars is exceedingly great, and bodies of 
every kind, whether conductors or nonconductors, can 
be perforated, torn, or shattered to pieces by means of 
it. If, for instance, we now place a quire of paper ver- 
tically between the two balls of the universal discharger, 
and arrange this apparatus so as to bring the paper into 
the circuit of the battery when charged to about 80® or 
more, per quadrant electrometer,* the electric fluid 
rushes with violence through tlie quire, and tears tlie 
outer leaves to a considerable extent, whilst the inner 
ones, are sometimes partly torn, but more frequently per- 
forated in several places. Several thick cards may also 
be torn in a strange manner by a discharge firom the 
battery; and if the paper or cards be m^e slightly 

* As there are scarcely two of these electrometers which 
give the same indications for any riv^n intensity, 80 ^ wUl not 
eaprcM the requisite intensity mth different deetrometen ; I 
shonM^therefore, wkdi it to be nnderstood, fiiat as the medumi- 
cal.efieets depend more on the mimtity than on the fmmtity of 
fluid enmloyed, the intensity for piorpoees of this land should 
always m oonsiderahle. 
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damp, the ruptures made by a discharge ore frequently 
much greater than when operated on in a dry state ; and 
as the moisture communicated to them enhances their 
electric conduction, a greater number of plies can be 
perforated when so treated. 

The electro-mechanical and electro-chemical pheno- 
mena, especially in the display of calorific effects, are some- 
• times so intimately connected with each other, that it 
would be impossible to separate tliem by any mode of 
experimenting hitherto known. For, although there 
are some singular exceptions to the general rule, it often 
happens that the greater the mechanical action the more 
certain is the discharge in accomplishing the ignition of 
bodies through which it is transmitted. 

Let us, for instance, employ the force of a single jar 
when charged to a high intensity, upon a narrow strip 
of gold leaf placed between two dry cards. The whole 
of the circuit, I should wish you to observe, is of good 
conducting materials : metals. Now, the discharge be- 
ing made, we examine the result on the strip of gold 
leaf, and find that the metal has entirely disappeared ; 
but both cards are stained with a beautiful purple or 
violet-coloured tint, very curiously distributed, and ex- 
tending over nearly the whole of the inner surfaces of 
the two cards; being most dense, and of the deepest 
colour along the middle, where the gold leaf was placed, 
and becoming more and more attenuated from thence 
to the outermost skirts of the stain. 

Now, by paying attention to the complicated results 
of this experiment, we furst discover that the metal is 
destroyed, or, in fact, deflagrated, and thus, by oxyda- 
tion, has assumed a diflerent colour : we next observe 
that the mechanical action has distributed this oxide over 
a much larger space than the gold originally occupied : 
and what is particularly remarkable, these mechanical 
effects are chiefly produced laterally ^ and but very little, 
if any, are to be obseived longitudinally, or in the direc- 
tion of the discharge. 1 shall, however, as we proceed, 
endeavour to vary this experiment, and shew the effects 
by different arrangements of the apparatus. At present, 
I oflhr to your notice but one or two variations, which 
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will be sufficient to conTince you that when the electro- 
mechanical action is sufficiently abated, the gold kaf 
suffers no change, even from the most formidable ekctncal 
charge that we are capable of producing. 

The experiment by which 1 am about to prove this 
fact, will differ in no other respect from the last one, 
than by the introduction of an inferior conductor to the 
circuit whilst discharging the jar. The inferior conductor *’ 
which 1 employ for this purpose is simply a piece of wet 
thread, about eight or ten inches long ; it forms a part 
of the circuit, as in a previous experiment, and will be 
the means of lessening the mechanical action ; and you 
will observe that, by this arrangement, the gold leaf 
remains uninjured by the discharge, although the in- 
tensity of the charge was as great as in Sie former 
experiment. 

As it is still possible that you may require further 
evidence respecting an abatement of the mechanical 
action by such an arrangement as that last employed, 1 
will again vary the experiment to convince you of this 
fact, and to iffiow you that the calorific effects on the 
gold have a dependence on the electro-mechanical action 
in the manner 1 have already stated. 

In this yaiiation of the experiment I will make a 
slight opening in the metallic part of the circuit, and in 
that opening I vrill place some light seeds, which, by the 
lateria force would be blown away, were I to disd^arge 
the jar through them when the rest of the circuit is 
met^c : but now, as the discharge has to pass through 
the inferior conductmg wet thread, you vrill find that 
seeds remain almost unmolested ; ffiey are not scattered 
abroad, as before, and the only disturbance which they 
experience is a mere consequence of smne trifiing attrac- 
tion which takes place between them and the ends of the 
wires where the metal oireuit is interrupted. Hie gold 
leaf, you will observe, is not in the least changed. 

I win now vary ffie experimceit in another manner, 
by dispensing wiffi the wet string, and making the 
whole circuit metallic, with the exception of a small 
optiring whm anall seeds mi^ be placed, as in the 
last oxperimmit. Now, in this eaae, you iAve a feir 
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opportunity d comparing the mechanical action on the 
se^ with that of the last trial; you will find that 
the seeds are blown away, and the gold leaf is destroyed. 

I know of no experiment by means of which 1 could 
show you to greater advantage that the calorific efiects 
on the gold depend on the electro-mechanical action of 
the discharge. 

• However, I have still one other variation of the ex- 
periment, which I shall now proceed with. You are 
aware that when a jar is discharged in the usual way, 
through any person, a violent shock is produced ; and 
also, that if 1 place the wet thread in the circuit, no 
sho^ whatever is experienced. Now, by placing my- 
self, the wet thread, and the gold leaf in me circuit, 1 
discharge the jar fri>m a high intensity, without producing 
any efiect either on the gold leaf or on myself. 

The experiments shown on strips of gold or silver, 
may be varied by employing wires instead of metallic 
leaf. For this purpose the thinnest watch pendulum 
wire that can be procured is exceedingly useful, as it 
can be fused from the discharge of a moderate sixed jar. 

Several methods have been proposed for arranging 
metallic wires intended for explosion by electric action. 
Dr. Hare, the inventor of the single leaf electroscope, 
described at page 60, has in- 
vented and employs the ap- 
paratus represented by Fig. 

62, for tl^ purpose. The 
heae of this instrument is 
either of metal or heavy 
wood. On the top of the 
pedestal two horizontal arms 
are placed ; which, by means 
of a pin passing through 
one end of each, and a screw 
nut, they can be adjusted to 
any angle, and fix^ in the 

Fnnn ^^onter extremity of each arm rises a vertical 
piUar, the larger of which is of glass and the smaller of 
metal : and each surmounted with a small pincer, for hold- 
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ing the thin wire intended to be operated on, which is 
stretched horusontaliy from pincer to pincer, as seen in the 
figure. The vertical brass pillar is to be united with the 
outside coating of the jar, or battery, and the discharge is 
transmitted though the wire by applying one arm of the 
discharging rod to brass cap on the top of the glass 
pillar, as seen in the figure, and the ball of the other 
arm to the inside of the charged glass battery, or jiu*. • 

In all contrivances for this purpose, where^incers are 
used, much time is lost in adjusting the wires ; and, as 
there are frequently many wires of different metals to ope- 
rate on in one lecture, I have found it necessary to resort 
to simpler means for their adjustment. I have prepared 
about a dozen wires, by first cutting them to the required 
lengths, and to each extremity attaching a piece of tin- 
foil, by rolling it into a compact lump with tlie end of 
the wire witliin it. Thus prepared, they are laid over 
the sliding arms of the universal discharger, either ver- 
tically, horizontally, or obliquely, in a moment, and 
operated on in succession as fast as the battery can be 
charged. 

' I will first discharge a large jar through a piece of this 

J steel wire about ten inches in length, and you will find 
that the wire is barely made visibly red hot, although 
the intensity of the charge was tolerably high. Now the 
reason of my not succeeding in fusing the wire by this 
discharge, was not because of its being too thick, but 
simply because it was too long ; and in order to con- 
vince you of this fact I will shorten it by one half, 
leaving a length of five inches only to be traversed by 
the next discharge of the same jar; the intensity of 
the charge being the same as in the former case. The 
result is as was predicted, the wire is fused, and you 
will observe also; that the mechanical action was so 
great as to scatter the globules of the fused steel to a 
great distance on every side. I shall presently make 
a similar experiment on a larger a^ale, but must first 
vary it with the same jar. 

Nowin varying the experiment I will simply introdnce 
a piece of wet thread into the circuit, in o^er to abate 
the mechanical action of the discharge, as on former 
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Qocmom. In dus eoqfientnent I iviH q>erale on 
indliea of wire whkh m» cat dS" from that enifdoyed in 
the last experiment Now» observe attentively, that the 
intensity of the charge is quite as high as beibre, indeed, 
somew^t higher, but the visible effects on the wire by 
the discharge of the jar are simply a few tremulous 
motions, and not the slightest indication of redness from 
.an elevation of temperature is perceivable. Here 
again is qpother proof of the inffuence of electro- 
mechanical action in accomplishing the frision of metallic 
bodies by ordinary electric discharges. 

When experiments of this kind are carried on for the 
purpose of ascertaining the effects of certain electric 
charges on wires of different dimensions, the balance 
electrometer of Cuthbertson (see Pig. 61, page 142) will 
be found very convenient. There is also anoSier circum- 
stance to be noticed in experiments of this kind. If the air 
within the jar be perfectly dry, the quantity of electric 
fluid that it will contain will be somewhat less than if the 
air were a little moistened, either by breathing into it, or 
by any other means. 

1 now place the bent arm of the balance electrometer 
in connection with the prime conductor of the machine, 
the inside of the jar also being in connection with it. I 
will place about two inches of watch pendulum wire 
between the insulated ball of the electrometer, and the 
outside of the jar; I also adjust the sliding weight 
on the graduated arm of the instrument to fifteen grains. 
Now, it will be obvious that when the charge has arrived 
sufficiently high for the repulsive action between the 
balls p and c to overcome the load of fifteen grains, that 
they will separate by the upward motion of the ball c ; 
and when the ball d, at the other extremity of the balance 
arm has, by its descent, arrived sufficiently near to the 
insulated ball o, as to be within the Hrikin^ distance, 
the discharge will take place, and the contents of the 
jar will traverse the steel wire. These arrangements 
being complete, and the route of the electric fluid being 
understood, we will now proceed to the experiment. A 
few turns of the machine causes the ball c to move, and 
a few more, you will (d>sme, accomplishes the discharge. 
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The steel wire is not only made red hot, but is fused, 
and partly scattered in small globules. 

If 1 were now to add another inch to the length 
of the steel wire, and transmit through it a similar 
charge to that employed in the preceding experiment, 
we should find that the wire would become just red hot, 
but not fuse ; and to satisfy ourselves on this point, it is 
necessary to repeat the experiment two or three timesy 
This being done, still the wire remains jperfect ; so 
that it is pretty certain a discharge measured by fifteen 
grains is not sufiicient to accomplish its fusion. I 
will now slide the weight to twenty grains, and 
having charged the jar to that point, the discharge 
through the steel wire immediately accomplishes its 
destruction. 

In order to show that a jar will hold more of the 
electric fluid when moistened within, I will first try 
what length of wire can be fused by the highest 
intensity of the jar when dry ; and afterwards moisten 
the air within the jar by breathing into it. The ex- 
periment will prove that the discharge from the moistened 
jar will fuse a much longer piece of wire than one from 
the dry jar. 

When the coated surface of glass is very ex- 
tensive, as in a battery of jars, for instance, this 
class of experiments can be exhibited on an ex- 
tended scale, and with the most brilliant results. 
If, for instance, I were to connect the inside of the 
battery (Fig. 60, page 141) with the prime conductor, 
and place ^e sliding weight at about forty grains, 1 
should be enabled to fuse thin steel wire above forty 
inches in length. To convince you of the beauty of 
this class of experiments, I will place a piece of iron 
wire about two feet long, in the circuit. Now observe 
attentively what takes place. Did you ever behold such a 
splendid sight ? The wire, you will have observed, is first 
heated to the brightest redness, progresses perceptibly 
to an intense white, swelling in tlfickness to six or eight 
times its original dimensions, and eventually it burst 
into thousands of minute balls, which were projected 
in ev^y direction, and fell in a shower of fire. 
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The beauty of this experiment is considerably en- 
hanced by coiling the iron wire into the shape an open 
helix, like a cork-screw. You will observe that when 
tlie discharge has passed through the helix, the latter 
retains its shape for a perceptible time, more than a 
second for instance, before it bursts ; which done, it is 
dispersed into a multitude of fiery globules. 

By transmitting similar discharges through wires of 
platinum, ^old, silver, copper, brass, &c., their fusion is 
very readily accomplished, and when very thin they are 
converted into a cloud of smoke, which becomes dispersed 
on every side in the surrounding air. Now, by making 
a series of experiments on these difiTercnt metals, whilst 
suspended in the air, and in a darkened room, we shall 
see that each metal, during fusion, yields a peculiar 
coloured light. Tlie platinum wire, you will observe, 
yields a whitish light, not very intense ; the gold yields 
an orange-coloured light; and the silver a beautiful 
yellowish-green light, of considerable intensity. The 
light proceeding from the copper is of a much deeper 
orange than that from gold, but the brass yields scarcely 
any light whatever. 

If such a series of wires were to be exploded between 
cards, those cards would be stained by different colours ; 
and you will observe, by a few experiments, that what- 
ever be the character of the wire, the deepest stain on 
the cards between which it was placed is precisely in its 
own direction ; and that the intensity of the stain be- 
comes more and more attenuated from the axis of the 
discharge to the margin of the cards. Moreover, by a 
close examination of those cards, especially those between 
which brass, silver, or gold were exploded, you will per- 
ceive that a complete gutter is made in each card, directly 
opposite to the axis of the discharge, or the direction of 
the wire. 

The stain made by brass is nearly black, and the 
figure much resembles a caterpillar. That from silver 
is of a greyish d>lour, and much scattered ; gold 
yields a purple or violet-coloured stain, much scat- 
tered, and the tints beautifully blended. Iron and pla- 
tinum give no very striking colours, nor do they stain 
the cards to any great extent. They seem to be fused 
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into a train of minute globules, which are left on the 
cards in the directions of the original wires. When iron 
wire is exploded between two pieces of glass, a series of 
minute globules of iron are finnly fixed on the surfaces 
of each piece, and stand very prominently above the sur- 
face of the glass. 

In pursuing our illustrations on the electro-mechani- 
cal agency in the production of certain eifects, it may not 
be amiss to employ different kinds of bodies in the circuit,* 
in order to show how they are differently "affected by 
modifying the mechanical action in the discharges of 
similar quantities of the electric fluid upon them. 

I will, for instance, place a small loose ball of tow 
between the balls of the universal discharger, and dis- 
charge upon it a large Leyden jar, from a high degree of 
intensity. You observe that the tow, although an in- 
flammable body, is not ignited, but several of its fibres 
are broken, and it is somewhat flattened by the me- 
chanical action of the discharge. 

Now, although the tow has escaped conflagration in 
this case, it does not always remain unignited by oper- 
ating upon it in this manner. Its ignition, however, is 
very much facilitated by scattering some finely powdered 
resin amongst its fibres, as you will presently see, by 
sending a discharge of a similar quantity of electric fluid 
through it. 

If, instead of resin, I sprinkle the tow with oil of 
turpentine so as to make it somewhat moist, you will 
see, by a few experiments, that the ignition is as easily 
and as regularly accomplished as by the employment 
of resin. We occasionally employ other inflammable 
matter amongst the fibres of tow, for purposes of 
this kind ; and when tow is not at hand, other fibrous 
matter, such as cotton-wool, is resorted to, but sheeps' 
wool is seldom, if ever, employed. 

In all these experiments you will have observed, that 
a considerable report attended each discharge of the jar, 
which, as I have before shown you,ccan take place under 
no other circumstance than when the velocity of the 
electric fluid is very great ; for if we abate the velocity 
by passing the fluid timugh an inferior conductor, the wet 
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filing, for instance, a scarcely audible noise attends the 
discharge. I will vary the experiment in diffe- 
I'ent ways, and the result in every case will serve as so 
many facts in the direct process of demonstration. But, 
as I am about to employ gunpowder, another piece of 
apparatus will be re- Pig. 63 . 

quired. It is repre- 
sented by Fig. 63, and 
consists of a 'base board, 
a small metallic table, a 
glass pillar, and a bent 
wire, one end of which 
is soldered into the brass 
cap on the top of the ^ 
glass pillar, and the f 
other end is pointed, 
and depends over the metal table. The gunpowder is 
placed on the table, which is connected with the outside 
of a jar or battery, by means of the chain. 

In the first variations of the experiment we will again 
place a ball of tow, sprinkled with oil of turpentine, be- 
tween the balls of the universal discharger ; and in 
another part of the circuit we will place anotlier ball 
of tow, sprinkled with powdered resin, between two 
other insulated balls. Between the inside of the 


jar and the first portion of tow, 1 place in the 
circuit a piece of tinfoil, between a few leaves of writ- 
ing paper, and on the other side of the latter ball of 
tow I place some loose gunpowder on a card, and the 
card on the small metal table of the apparatus repre- 
sented by Fig. 63. Now, by this arrangement, the 
electric fluid will have to traverse the whole of these 


bodies ; it will first pass through the paper and tinfoil, 
next through the tow and turpentine, then through the 
tow and resin, and after leaving that combination of in- 
flammables, it will traverse &e loose gunpowder, and 
proceed to the outside of the jar. The results of the 
discharge of the large jar from a high intensity, are 
easily predicted by those conversant witii experiments of 
this kind ; but to others there may appear to be some- 
thing mysterious in them. Now I will discharge the 
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jar. The result on the two balls of tow are probably 
such as you might be led to expect — ^both are set on 
fire ; but what has become of the gunpowder ? It also 
is an inflammable body, but it is not ignited, nor, indeed, 
is it left in its place. It is blown away, and scattered 
in every direction from the axis of the electric path ; 
not even a single grain is left where the fluid passed 
through the heap. • 

You will probably ask how 1 know the*path of the 
discharge through the gunpowder, now that it is gone 
from the place ? This is very easily ascertained : for if 
you will examine the card on which the powder was 
placed, you will find it perforated by the electric fluid, 
and by calling to your recollection the position of the 
gunpowder on the card previous to the discharge, you 
will identify the perforation with the centre of die base 
of the heap. Consequently the electric fluid, which has 
so obviously pierced the card, must have traversed the 
gunpowder from the pointed wire above it, to the perfora- 
tion of the card. 

You will observe also that this perforation is in the 
centre of the blank space on the card left by the gun- 
powder. Hence we have, by this fact, a complete 
demonstration not only of the existence of the lateral 
force of the discharge, but also a demonstration of that 
force being exerted on every side alike. 

Now call to your recollection what you have already 
seen, that no c^ can be pierced by a discharge of this 
jar when a wet string forms a part of the circuit, and 
that through such a circuit the velocity is much less- 
ened. From a knowledge of these facts you are led to 
understand that the velocity, and consequendy the me- 
chanical action of this discharge, must have been great, 
otherwise the card could not have been perforated. 
Moreover, the scattering of the gunpowder is another 
manifestation of a great velocity and consequent mo- 
mentum of the discharged electrig fluid. 

Now let us examine the paper and tinfoil in the other 
part of the circuit. Both are perforated : another indi- 
cation of the great electro-mommitom attending the 
discharge of the jar through this compound circuit. 
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Let m now make a aligkt ekange in this expetiment, 
by introducing a piece of wet thread as a portion of the 
circuit. The jar shall be charged to the same intensity 
as before, but the result of the discharge will be very 
different. Neither the paper nor the tinfoil will be 
perforated; neither of the balls of tow will be burnt, 
but you will see the gunpowder exploded. If, howeyer, 
•I were to enlarge the lateral dimensions of the aqueous 
part of the circuit, so as to increase the velocity of the 
fluid, and thus permit it to move in a more compact 
body, the paper and tinfoil would suffer perforation, 
and the whole of the inflammables, with the exception of 
the gunpowder, would take fire. 

It is a remarkable fact that the gunpowder should 
not ignite under the same circumstances that accomplish 
the ignition of the other bodies ; but time seems to be 
an essential element to insure success, and it is a matter 
of no consequence what are the means employed to give 
sufficient time for the electric fluid to be in contact with 
the gunpowder, for it will invariably ignite provided a 
suflicient period of time be procured, and the quantity 
of electric fluid transmitted be sufficient also. 

Ghinpowder has been ignited by a series of heavy 
sparks from a large prime conductor transmitted through 
a compact cartridge ; but, in such cases, the quantity of 
electric fluid was great, and the velocity lessened by the 
retarding power of the gunpowder itself, which being 
confined could not be blown away. Heavy discharges, 
with great velocities, from a battery of jars, have also 
been the means of igniting gunpowder ; but in those 
cases the ignition of the powder was a secondary efl^t, 
arising frm the wire which led the fluid into the cart- 
ridge being intensely heated by the discharge of the 
electric battery. Formerly it was a common practice to 

with iron fifbgs, which becoming red hot by the dis- 
charge, set fire to the gunpowder as a matter of course. 
We are not without experimenters at the present day, 
who conceal a thin platinum wire in the powder, for 
the purpoee of aeoom^sayng the explorion. 
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Another method of illustrating the fact that the igni- 
tion of loose gunpowder requires time for the electric 
duid to act upon its particles, and a consequent abate- 
ment of the velocity with which it moves through a 
circuit of good conductors, is that of first placing a 
portion in a circuit of that kind ; transmit through it a 
discharge of a certain degree of intensity of the jar, and 
you will find the powder blown away as in the compound 
circuit of paper, tinfoil, tow, and gunpowder, when all 
the rest of the circuit was metal. Having satisfied your- 
self on that point, next vary the arrangement, by placing 
a wet thread in the circuit. The discharge of the jar from 
the same degree of intensity, explodes the powder. 

I have already shown that, by an introduction of the 
moistened thread as a part of the circuit, the electro- 
momentum is sufficiently abated to be deprived of the 
power of communicating a shock to a person through 
which the fluid passes. Now from that fact, and from 
the fact also of accomplishing the ignition of gunpowder 
when the electro-momentum is thus abated, there can 
be no reason why the gunpowder should not be ignited 
by the same discharge of the jar, in the circuit of which 
a person is placed without experiencing the shock. 

In order to give a striking illustration of this fact, 
I will place a battery of six miniature pieces of ord- 
nance in one part of ^e circuit, and myself in another 
part of it. A^en the jar is charged to the usual high 
intensity, I will operate in the capacity of discharging 
rod, by presenting the brass ball whi^ I hold in my 
hand towards the ball of the jar. The result is the 
simultaneous discharge of the six pieces of ordnance, but 
not the slightest shock is experienced by myself, although 
the electric fluid that discharged the guns traversed my 
arms and chest, prior to its arriving at them. 

Glass tubes, filled with water, have been employed in 
place of the wet string, in the process of firing gun- 
powder by electric discharges ; Ipit if the tube be too 
wide, the electro-momentum would be too great for any 
person to stand in the drcnit wifiiont experiencing a 
severe blow ; and even by long use of a narrow tube the 
electric momentum becomes^ too great for any person to 
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stand in its way. 1 have employed a glass tube of narrow 
bore for several successive years, but I found that it 
gradually augmented the velocity of the transmitted 
dectric fluid, till eventually I could not ignite gunpowder 
by its use, unless, indeed, 1 considerably augmented the 
quantity of fluid transmitted. This circumstance, I after- 
wards found, was owing to the nitric acid which had been 
• formed by previous discharges from the atmospheric air 
which the ivater held in solution, thus increasing its con- 
duction, and giving greater freedom to the electric 
transmission. 

This fact, which I have not seen mentioned in any 
other place, would not happen if a new portion of water 
were employed in every experiment, and the insid^^ 
the tube well cleaned. Another fact that I sometimes 
meet with when operating on gunpowder, is that of 
setting the string on Are at one or both of its ends, when 
they happen to get too dry by previous discharges. 

LECTURE X. 

The chemical class of phenomena exhibited by electric 
action, I have considered as embracing all those caloriflc 
effects which produce change in the constitution of the 
matter operated on : such, for instance, as the explosion of 
wires, deflagration of gold, silver, and other metallic leaf, 
&c., also the ignition of gunpowder, resin, turpentine, 
&c. ; all these effects come imder the class of chemical 
phenomena. I have still a few more experiments to offer 
to your notice on other chemical compounds, in which 
heat and flame are developed. 

If, for instance, 1 place a portion of ether in a metallic 
spoon, which I heffd in my hand, and hold the liquid 
beneath the ball which projects from the prime conductor, 
at a proper distance to receive sparks from it, the sparks 
which pass through the ether immediately inflames that 
liquid, or rather yapour which hovers over its surface ; 
for never do we see a liquid on fire, although we often 
enpim ourselves as if such were the case. 

Inie ignition of inflammable fluids is carried on by de- 
grees, whatever may be their character : with liquidt 
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which are so situated as to expose but a small surface to 
the air, the ignition is very slow, for no part of them can 
ignite but that which has prenously assumed the state 
of vapour ; hence, strictly speaking, no liquid is inflam- 
mable. The vapour of ether first ignites by the electric 
spark ; the heat thus produced assists the evaporation 
of the top stratum of the liquid ether, which in its turn 
becomes vapour and bums. The heat is now augmented, « 
and the evaporation of the liquid stratum ne^ below is 
more rapid than in the previous stratum ; and thus it is, 
that stratum ailer stratum becomes converted into vapour, 
and bums in succession, until the whole is consumed. 



understood. 

1 will now place in another spoon a portion of alcohol, 
and submit it to a series of powerful sparks, as in the 
case with the ether ; but no ignition takes place, which 
seems to be the consequence of a want of vapour over 
the surface of the alcoholic liquor. I now warm the spoon 
with its contents, and again pass sparks through them to 
the spoon: ignition is accomplished, and the alcohol 
becomes gradually consumed. In this case the density 
of the vapour was increased by the more rapid evapora- 
tion occasioned by the elevation of temperature commu- 
nicated to the liquid. 

If I now place oil of turpentine in another spoon, and 
without elevating its temperature transmit a series of 
sparks through it, no ignition takes place ; but if I warm 
the oil, and Uius increase the cloud of vapour over its 
sur&ce, that vapour ignites by the first spark that tra- 
verses it. 

The same reasoning will apply to solid resinous sub- 
stances, in all those cases where ignition takes place. A 
small portion of vapour is raised by the heat produced by 
the advance portion of fluid in sufficient time to be ignited 
by the action of the rear of the discharge ; for although 
the time occupied by a discharge is loo small to admit of 
measurement, there must be time occupied in evet^ the 
most rapid discharge. Moreover, the fluid constituting 
a charge occupies space, and one side of the mass of fluid 
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must precede the opposite side, whenever it is in motion, 
as decidedly as one side of a cannon ball precedes the 
other whilst in motion. Therefore, it is easy to under- 
stand that the advance portion of a mass of the electric 
fluid, whilst in motion from one side of a jar to the other, 
would produce one efiect, evaporation^ on the resin, and 
thus make preparation for the accomplishment of another 
* efiect, ignition^ by the rear part of the same mass of fluid. 
This explanation, however, I believe to be perfectly 
novel ; but it appears to me to correspond with all our 
notions respecting the ignition of various bodies, whether 
solid or liquid* 

1 will now make a few experiments on some of 
those inflammables which are of a permanently gaseous 
character : the hydrogen and oxygen gases for instance. 
For experiments on these gases we usually employ an 
instrument called the electrical pistol, and sometimes 
another called the electrical cannon. Fig. 64 is a re- 
presentation of the pistol. Fig. 64. 

Its barrel is a tube of brass, 
fitted on the wooden stock 
by screws and cement, so 
as to be perfectly air-tight. 

Through the lower side of the barrel, near the breach, a 
hole is drilled and tapped, to admit a small ivory cylinder 
which screws firmly into the hole. The axis of the ivory 
cylindex^ii perforated thiftughois^ adnut of a small 
braii wire which reaches nearly, but not quite, across 
the bore of the barrel, leaving a small space between its 
inner extremity and the upper side of the barrel. The 
exterior end of the wire is furnished with a ball, as seen 
in the figure. Now, it will appear obvious that if sparks 
were received by the ball of ^e wire from the prime 
conductor of the machine, whilst the pistol is held in the 
hand, with a finger on t^ barrel, they would have to 
pass through the small opening inside, and traverse the air, 
or any gaseous mattflr with wUch the pistol was charged. 

The hydrogen gas, for loading the electrical pistol, is 
usually obtained from water, by decomposing that liquid 
with sine and sulphuric acid, thus : — Place in a clfi^ 
olive oil flask a few chips of zinc, and cover them with 
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water, then add a little 8iili>huric «cid, by degrees, until 
a considerable effervescence is observed. When this 
occurs the decomposition is going on well, and in a short 
time all the atmospheric air previously contained in the 
vessel will be expelled. Now hold the pistol verti- 
cally with its mouth over the neck of the flask ; and, as 
the hydrogen is lighter than the atmospheric air, it 
ascends to the upper part of the barrel, and by displacing * 
the latter, soon Ms it. I now put a cork pretty tight 
into the muzzle of the piece, and apply the little ball to 
the prime conductor : sparks pass freely, but no explo- 
sion occurs. 1 now take out the cork, and hold the 
muzzle of the pistol upwards for a few seconds : this 
permits a portion of tlie hydrogen to escape, and a cor- 
responding portion of atmospheric air to enter the 
barrel. Reintroduce the cork, and again receive sparks 
on the ball : a loud explosion takes place, and the cork 
is projected to the further side of the room. This 
method of proceeding with the experiment is interesting 
in a chemical point of view, since the former part of it 
shows that hydrogen alone will not ignite by the electric 
spark ; and the latter part shews that when mixed with 
atmospheric air, or rather with the oxygen part of it, 
ignition, with explosive rapidity, occurs. 

We may vary this experiment by permitting the electric 
fluid to pass first through the human body, and afterwards 
explode the gaseous mixture. ^For this purpose we may 
use the eketncal cannon, represented by Fig. 65, which 
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is furnished with a wire insulated by an ivory cylinder 
in the same manner as that in the pistol. The cannon 
being loaded with the gaseous mixture, is placed on the 
table ; and whilst insidated, by standing on the electnc 
stool, I connect one of my hands with the top of the 
little transverse wire, and by a ball which I hold in the 
other hand, I take sparks from the prime conductor. The 
.corresponding sparks which pass between the lower end 
of the wirc^ and the barrel of the cannon, explode the 
gases with a loud report. The whole arrangement for 
this experiment is well represented by the figure. 

Now, although the experiments best calculated for 
illustrating the distinction between the electric fluid and 
the calorific matter, or that which produces the pheno- 
menon of ordinary fire, belong to voltaic electri- 
city, and cannot, with propriety, be introduced till we 
arrive at that part of our undertaking, it may not 
be amiss, in this place, to attempt an explanation of the 
calorific efifects hitherto produced by means of that 
hypothesis. 

grand physical truth necessary to be kept in view 
whilst reasoning on this topic, is simply this : no two 
bodies can occupy the same place at one and the same 
time ; therefore, if the electric matter and the calorific 
matter be two distinct fluids, it would be impossible that 
they could be in the same place at the same time. Both 
of them are acknowledged to be resident in the pores of 
all other matter, both solid and fluid ; and their particles 
may, and probably are, closely mixed with one another, 
and also with the magnetic matter. This being admitted, 
it would appear obvious that a redundancy of any one of 
them, forced upon a previously statical group, within 
a metal, for example, would be the means of ^turbing 
all the rest ; and, by the same rule, an abstraction of 
a portion of any one of these elements ought to cause 
a disturbance amongst those that were left behind, un- 
der the supposition that, in both cases, the elemental 
forces, prior to such Tuidition or abstraction, balanced one 
another ; and, consequently, that an equilibrium existed 
amongst them. 

We have many well known facts in accordance with 
both these positions. All our thermo-electric pheno- 
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mena depend upon additions and abstractions of tbe 
calorific matter to and from the bodies operated on ; 
or, in general terms, the display of the electric pheno- 
mena is due to a pre-disturbance of tbe calorific matter. 
Hence, conversely, we have reason to infer that a dis- 
turbance of the electric matter would be attended by a 
display of calorific phenomena. An admission of ^s 
principle would afibrd an easy solution of electro-calorific^ 
phenomena : for the sudden electro-mechanical pressure 
against the calorific particles, during the transmission of 
a heavy discharge through a thin wire, would be as 
likely to displace and condense those particles as a few 
smart blows of a hammer on the met^ would condense 
them, and the former process produce a red heat as 
decidedly as the latter, which is well known to pro- 
duce that phenomenon. Another circumstance favour- 
able to this hypothesis, is that shown by metallic con- 
ductors at difierent temperatures. When a thin metallic 
wire is surcharged with the calorific matter, by raising it 
to a high temperature, it impedes the progress of the 
electric fiuid to a far greater extent than when cold, or, 
in electric language, it becomes a worse conductor ; but 
the grand experiment in support of this hypothesis is 
that in which the electric current drives the calorific 
matter entirely out of the circuit, rendering a portion of 
a stout copper wire red hot. The experiment producing 
this interesting theoretical fact, will be minutely ex- 
plained in our lectures on voltaic electricity. 

In the experiment I am now about to offer to your 
notice there is some reason for supposing that the first 
calorific effect produced arises from a compression of 
atmospheric air, which was probably the case in some of 
our previous experiments. I strew some powdered resin 
on a tumbler full of water, and bring the latter into the 
* circuit of a discharge from one side to the other of a jar. 
This is done by connecting the two opposite sides of the 
water with the two points of the sH^ng wires of the 
universal discharger. Fig. 56, page T 24, ^e balls being 
previously removed *, and by means of a chain con- 
necting one of these wires with the outside of the jar, 
and discharging the jar by the usual application of the 
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discharging rod to its ball and the other sliding wire of 
the instrument, the electric fluid traverses the surfhce of 
the water, and ignites a train of the powdered resin. 

In many of the electro-chemical phenomena no igni*- 
tion takes place, nor is any unusual light produced. 
Such is the case in those decompositions which are ac- 
complished by electric action of low intensity, and where 
^ the liberated constituents of the compound are always 
developed fkt particular points in the circuit. These 
phenomena are displayed to the greatest advantage by 
voltaic-electrical currents, and will be extensively illus- 
trated when we arrive at voltaic electricity ; but it will 
be necessary in this place to show you a few specimens 
of them by the operation of the machine. 

1 soak a few pieces of white blotting paper in a strong 
solution of hydriodate of potash, in which a little starch 
is mixed, and after placing two or three plies of the wet 
paper on a sheet of platinum, 1 hold it beneath the 
inferior extremity of a platinum wire, which hangs 
pendent from the prime conductor. A few turns of 
the machine accomplishes decomposition of the hy- 
driodate, as is manifested by the dense brown speck of 
liberated iodine immediately beneatii tlic point of the 
pendent wire ; but on examining the lower side of the 
pile of paper no mark of decomposition is seen. This is 
the uniform result by this mode of proceeding : the iodine 
being always liberated at the positive wire, but never at 
the negative one ; or in o > jr words, it is liberated at 
the delivering metal, and not at the receiving one. The 
uniformity of this law may be shown by making the 
experiment at the negative conductor. If, for instance, 
I were to hang the platinum wire to the negative con- 
ductor, and hold the soaked paper beneath it as before, 
no brown speck would appear on the upper side of the . 
pile ; but if 1 place the platinum sheet with its pile of 
paper upon the negative conductor, and hold the point 
of the platinum wire over the paper, the electric fluid 
which leaves my h&d and traverses the paper to the 
negative conductor decomposes a portion of the solution, 
and the brown speck of io^ne appears below the point 
of the wire. 
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We will next operate on a solution of the sulphate of 
copper, also held suspended in blotting paper. By means 
of a copper wire I join the prime conductor and the 
paper, and with the point of a platinum wire 1 touch 
another part of the paper. The machine being put into 
motion, an electric current traverses the solution, the 
electric fluid being delivered into it from the copper 
wire, and received again from it by the platinum wire r 
which I hold in my hand. The decomposition^takes place, 
and the liberated copper attaches itself to the platinum 
wire and soon cases it with metallic copper. 

In this case, as in those cases with the hydriodate of 
potash, there is an immutable law which governs the 
display of the phenomena, and by which the copper and 
all other metals liberated from their solutions by electric 
currents, appear on the negative or receiving wire. The 
results of this experiment will aflbrd an idea of the na- 
ture of the electrotyping process, and also of electro-gild- 
ing and silvering, all of which depend upon the same 
principles of decomposition. 

These few illustrations of the laws of electro-chemical 
action being sufficient for our present purpose, our next 
business is to introduce a specimen of the electro-magnetic 
class of phenomena ; but here, as in electro-chemistry, 
our principal apparatus belongs to voltaic electricity, and 
little more can be done now than that of magnetizing a 
few morsels of steel. The first experiments this kind 
were made by Sir Humphry Davy, a short time after 
the diicoveiy of electro-magnetism by Professor GSrsted^ 
of Copenhagen. I will on this occasion employ the 
large battery of twelve jars (Fig. 61, p. 141). I arrange 
three sewing needles so as 
to enclose a triangular space 
on the face of a card, to 
which 1 fasten them by means 
of sealing-wax. Through the 
centre of the triangular space I 
pass a strong copper wire, at 
right angles to the face of the 
card, and as the wire is verti- 
cal, the ends of the needles will 
be horizontal. Moreover, the 


Fig. 66. 
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arrangement of4he needles is such that, to a person sup- 
posed to be standing in the centre of the triangular space, 
and looking at the needles in succession, &eir points 
would all lie on his lefi hand, and their eyes on his 
right. The whole arrangement is represented by Fig. 
66. If now we discharge the battery from a high inten> 
sity, through the central wire, from its superior to Us 
inferior extremUy^ the needles will all be rendered mag- 
netic, having a north pole at the eye end of each needle, 
and a south pole at the point; but if we transmit 
the discharge upwards instead of downwards, the 
polarity of the ne^les would be in the reverse order. 
Such is the uniformity in the display of this disposition 
of magnetic polarity, with reference to the direction 
of the electric current through the wire, that it has 
become an established law in electro-magnetics: and 
it is a matter of no consequence whether we operate 
upon a system of needles disposed as in the figure, or 
upon one needle only; the results are uniformly the 
same with reference to the direction of the electric 
current and the disposition of the north and south 
magnetic poles, which it brings into existence at the 
extremities of the steel. 

Now, since the needles were situated on different sides 
of the conducting wire, and, consequently, on different 
sides of the electric current, which it transmitted ; and 
as the whole of the three needles were rendered mag- 
netic, in the same order of their poles, it is obvious that 
the magnetic forces of the electric current are uniformly 
exerted on every side of it. This fact being kept in 
view, it appears that it is a matter of no consequence on 
which side of the conducting wire we place the needle, 
provided the one be at right angles to the other, magne- 
tization will be the result, and, as might have been 
expected, the magnetizing forces of any given electric 
di^arge are most powerM close to the conductor : and 
diminish as the equate of the distance between the wire 
and needle increases : which law, in mathematical langu- 
age would thus be expressed, m is as ^ : in which m and 
D represent the magnetic force, and the distance of the 
needle &om the axis of the electric current, respectively. 
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Wben» as in the preceeding experiments, we employ 
a straight conducting wire, it will be observed that the 
magnetic forces of the current operate principally on 
one side of the needle only, and only against one of its 
transverse sections : but the magnetic powers excited in 
the needle, by ariy given electric discharge, may be much 
exalted by causing the magnetizing forces to operate on 
all sides of the needle at the same time, and to b^ 
repeated over every part of its surface. TKis is accom> 
plished by taking ^vantage of a spiral conductor, and 
placing the steel needle in the centre of the spiral. This 
plan was first thought of by M. Arago, of Paris, at 
the same time that Sir H. Davy was pursuing similar 
enquiries in London, and independently of any knowledge 
of each others experiments. 

In illustration of the advantage of the spiral conduc- 
tor, we will suspend a stout steel needle in the axis of a 
helix of copper wire, and opposite and at right angles to 
another, but straight part of the same wire, and at the 
same distance from it, we will place another needle; the 
whole arrangement being represented by p pig. 57 . 
Fig. 67.* We will now charge the battery of m 
jars ; and when charged, discharge their T ^ 
contents through the copper wire, from its 
superior extremity n to its inferior extremity | 

8 . The direction of the current will be in- SC 
dieated by the small arrows. The discharge 
having taken place, we examine the two 
needles, and find that the spiral enclosed i 

needle is much more powerfolly magnetic 
than tlie other ; but the position of their 
poles, with reference to the direction of the pi 

electric current, is the same in both needles. h 

1 now enclose two other steel needles in pieces of nar- 
row glass tubes, and afterwards suspend one of them in 
the axis of the spiral, and the other opposite to a straight 
part of the conductor, as in the last experiment. The 
discharge of tlie battery through the copper wire again 
polarizes the needles, and to the same extent as when no 

* The artist has omitted the lower needle by mistake. 



167 


glass enclosed them : showing that glass does not inter- 
fere with the magnetic action. 

Whilst pursuing enquiries of this kind some years 
ago, 1 was led to institute the following experiments/ 
and the results afford a good idea of the influence of e fec- 
iro^momenium in the magpnetizing * process. Having 
previously discovered that soft iron could be magnetised 
by electric currents, to a much higher degree than steel, 
it seemed liWy that soft steel would be rendered mag- 
netic by a less electric force than would be required for 
magnetizing hard steel. This being found to be the 
case, needles of soft steel were employed in the experi- 
ments now about to be offered to your notice. 

In the axis of a spiral conducting wire I place a soft 
steel needle, which is insidated from the wire by a co * 
vering of silken thread. 1 now charge a Leyden jar, 
and afterwards transmit its contents through the wire 
constituting the spiral. On examining ^e enclosed 
needle it is found to be polarized, in accordance with 
the before-mentioned law of electro-magnetism. 

I next place another needle within the helix, and in 
another part of the circuit 1 place a strip of gold leaf 
between two pieces of window glass. I charge the jar 
to its previous degree of intensity, and again discharge 
it through this new circuit ; the gold leaf is deflagrat<^, 
has entirely disappeared, and the needle is magnetized. 

I vary Uie arrangement by introducing a wet string 
to the circuit ; and after placing a new soft needle in the 
helix, and another strip of gold leaf to the circuit, I 
again discharge the jar, charged as before, through this 
new series of conductors. The gold leaf seems agitated, 
but does not otherwise suffer, and the needle remains neu- 
tral. These results would seem to imply that the elec- 
tro-mechanical action, or electro-momentum, to a certain 
extent at least, is essential to produce magnetic polarity 
in steel bodies. But I will give another variation to 
the experiments, by ^neans of which this view will be 
much supported. 

* A fall description of these enquiries appears in the ** An- 

nalt of Electricity, &c.” vol. viii. 
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In tliese experiments I will introduce the gunpowder 
exploding apparatus, Fig. 63) page 153. On the table 
of this apparatus 1 place a sm^ heap of loose gunpow- 
der, and in another part of the circuit I place a strip of 
gold leaf, and in another part 1 introduce the wire 
helix, with its contained steel needle. In this case 
the whole of the circuit is metal, with the exception of 
the gunpowder and the plate of air between the ball oi 
the jars and the approaching ball of the discharging rod. 
1 discharge the jar and examine the results, and find 
that both the gold leaf and gunpowder have disappeared ; 
the former being defiagrated, and the latter blown off 
the table without being ignited. The needle is highly 
magnetic. Now, in this case the discharge was attended 
by a considerable momentum. 

I now vary the experiment by the mere introduction 
of a wet string to the circuit, a new needle and a new 
strip of gold leaf, and another portion of gunpowder re- 
placing those previously operated on. On discharging 
the jars through this new circuit the gunpowder ex- 
plodes, but the gold leaf is not injured nor is the needle 
magnetized. I think it will now appear pretty obvious 
that the whole of the results attending this series of 
experiments favour the idea that an electro-momentum 
has an essential influence in the production of electro- 
magnetic phenomena, at least of this peculiar class of 
them. In our lectures on electro-magnetism, we shall 
have other classes of phenomena to introduce, and shall 
endeavour to illustrate the whole subject, both theo- 
redcaUy and practically, by a more extensive series of 
experiments than has hitherto been embodied in any 
course of lectures on this branch of physics. Electro- 
chemistry also will receive the most ample experimental 
illustration, when in our lectures we treat of it as a dis- 
tinct brani^ of electricity. 

1 will now introduce an experiment in which heat is 
produced without being accompanied by any chemical 
change in the heated body. The apparatus we employ in 
this experiment was invented by Mr. Kinnersiey, 
in the year 1760, and by that phDosopher called an 
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electrical air thermometer. It is repre- 
sented by Fig. 68 . d f is a cylinder af 
glass, an inch and half diameter, furnished 
with a brass cap at each end. Into the 
centre of the lower cap is screwed the 
pedestal of brass which supports the rest 
of the instrument, and a short brass stem, 
aurmoonted by a brass ball, rises from 
that cap inside the glass cylinder. — 

Directly over this ball is another, attached 
to the inferior extremity of a brass wire, 
which, by passing through a collar of 
leather in the upper cap, can slide air 
tight to and fro for the adjustment of its 
lower ball to any required distance from 
that beneath it. In another part of the 
upper cap is screwed a brass ferrule, into 
which is cemented a narrow glass tube 
open at both ends, and reaching down- 
wards to nearly the bottom of the cylinder, 
and upwards to about six inches above the upper cap. To 
this narrow tube is attached an ivory scale of inches, 
tenths, &c. When this thermometer is used, coloured 
water is to be placed in the cylinder till its surface 
reaches nearly to the lowest ball ; the glass tube is then 
screwed air tight into its place. Now blow gently 
through this tube, in order to raise the water in it till it 
reaches as high as the upper cap. This done, and the 
metallic pedestal connected with the outside of a charged 
jar, the discharging rod directs the charge to the upper 
ball of the sliding wire, and a flash is seen between the 
balls inside the cylinder* The contained air becomes 
disturbed and heat developed ; a subsequent expansion 
of the air takes place, which by pressing on the surface 
of the water causes a rise in the tube, sometimes to its 
top, and even throws some out. 

As a specimen o^ the electro-physiological class of 
phenomena, no fact is better known than the electric 
diock. But, as has already been shown, the shock 
depends on an electro-momentum, and therefore the 
sensation alone may probably be the effect of a sudden 

p 
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mechanical blow giren to the system by the transit of 
the electric fluid through the person who experiences it ; 
and were the shock the only effect produced by an 
electric discharge through Uie animal system, it would 
scarcely be permitted an introduction to the list of 
physiological phenomena. But when we find that such 
discharges quicken the pulse, promote insensible pers- 
piration and glandular secretions, slacken constipa-* 
ions and relieve the viscera, allay inflammations, re- 
move pains, cure disease, exhiliarate the spirits, and 
excite activity in the vital functions gener^y, we no 
longer regard an electric discharge on the aninml system 
in toe mere light of a mechanical^ power. Moreover, 
since by an undue administration of electric discharges 
on the animal body the most serious changes in the 
system might occur, such as intense burning, decom- 
position of the fluids, relaxation of the absorbent power, 
dessication of muscular fibre, deafness, blindness, depriva- 
tion of the senses, torpitude, and even death itself, with 
prompt and immediate putre&cdon, we at once recognise 
an agency productive of the best defined physiological 
phenomena. In fact, we have at once in electricity, an 
agent of sanation or destruction, accordingly as it is 
judiciously or injudiciously administered. 

Fortunately, however, the predjudicial bear so snudl 
a proportion to the sanatary effects, that the advantage 
has been taken of electrical agency for the removal or 
abatement of disease of almost every variety to which 
the human body is incident : and in some cases with a 
degree of success which has not attended any other 
m^cal agent. 

Electricity has been particularly successffil in the re- 
moval of rheumatic affections : relieving visceral consti- 
pations ; promoting glandular secretioDs and tumurouf 
suppuration; allaying local inflammations, especially of 
the eyes ; removing deafhess, headache, other local 
affections; and, by exalting the^action of the vital 
organs, eleotrici^ has been beneficmlly applied in cases 
of asthma, liver complaints and indigestion. 

In the exhibition of electricity as a medical agent, it 
is fortunate that the requisite apparatus are neither nu- 
merous, complicated, nor expenrive, A cylindrical ma- 
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ehine of about ten inches in diameter (see Fig. 28, 
page 66), is that generallj used for medical purposes ; 
though the plate machine (see Fig. 24, page 72) is oc- 
casionally, and with equal advantage, employed. 

The other necessary apparatus are the Fig. 69. 
electrical stool. Fig. 80, page 88, a Ley- 
den jar, a pair of medical directors ; 

JLane^s dischiuging electrometer, and two 
other pieces /or applying to the eye and 
and to the ear. 

The medical directors are represented 
by Fig. 69, and consist simply of glass 
handles with a socket and wire joined to 
each. Each wire terminates with a 
ball which can be removed at pleasure 
when the included point of the wire 
is wanted. One of the wires is bent, the 
other straight. 

Lane’s medical discharging electrometer is applicable 
for regulating the power either sparks from tlie prime 
conductor, or shocks from the Leyden jar. As applied 
to the prime conductor for Fig. 70. 

regulating the uniformity of 
sparks, it is represented by Fig. 

70. It consists of a bent stick 
of glass, a sliding wire with a 
ball at each end, and a brass 
pin, which, by being placed in 
a hole on the upper side of the 
prime conductor, keeps it firm- 
ly attached to it. The sliding wire passes through a brass 
piece containing a spring tube, which keeps it steady 
wherever placed, and by removing it to and fro in this 
tube its inner ball can be placed at any required distance 
j&om the prime conductor, and whilst stationary, at any 
given distance, the sparlu from the conductor to that 
ball will be of uniform intensity. When the distance 
between them is small, the sparks will be feeble, but will 
incr^se in power as the distance is increased. A chain 
or wire is attached to the outer part of the sliding wire, 
finr the purpose of i^veying the fluid constituting the 
sparks, to any required place. 
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For the purpose of conveying the *'^•71* 
electric fluid to any particular part of 
a patient, the chain or wire is to be J ^ 
attached to one of the medical direc- ( W 
tors, and the other director, also ftir- \ 
nished with a wire, receives the fluid \ % 
from the patient’s body, and conveys \ • 

it either to the ground, or to the nega- A I 

tive side of the machine. Figures 71 ^ 

and 72, will afford ample illustration 
of the usual applications of the medical 
director : the former to a limb, the leg, only, the lat- 
ter to the whole system of the patient. Kg. 72 . 

In both cases we are to suppose the 

patient insulated, by standing on the / 

electrical stool. Fig. 72 represents / 

the patient operating on himself, and 

assisted by another person who applies 

one of the directors to the foot. By 

this application of the directors, the 

electric fluid traverses the whole Kgl S 

system from the shoulder where the IT mjk m 

patient applies one of the directors, 

to tlie foot where the other director I J ll » 

is applied. The head, both arms, j| / 

and one leg, being out of tlie circuit, ^ 

are not affected. 

It must not be supposed, however, 
that tlie electric fluid traverses the body in a narrow 


channel between the two balls, 
an electric wave in the system, 
which extends laterally^ more 
or less according to the power 
of the sparks. 

Fig. 73 is a representation of 
Lane’s discharging electrometer, 
as applied to a Leyden jar. In 
this application, the electrometer 
is inverted. When the ball of 
the jar is connected with the 
prime conductor, by means of a 
copper wire, the jar receives a 


Every spark produces 
Rg.73. 
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charge, which, at a certain degree of intensity, sufficient 
to oyercome the resistance of the air between the two 
balls, discharges itself spontaneously through the interval, 
and through the wire connecting ^e electrometer with 
the outside of the jar. 

If now, instead of having a short continuous conduct- 
ing wire, as in the figure, to convey the charge to the 
outside of tlm jar, that wire were to be cut open, and 
*its ends connected with the directors, one to each, and 
the balls of *the dischargers applied to a limb or to any 
part of the body, as in Figs. 71 and 72, the force of 
each discharge would be experienced between the balls, 
as in the case of sparks from the prime conductor, only 
the sensation would be more severe. By this means, 
however, the shocks may be reduced to any required 
degree of intensity, by lessening tlie distance between 
the ball of the jar and that of the electroscope, which 
affords a more convenient method of administering elec- 
tric sparks or shocks than any other instrument known. 

The delicacy of the eye requiring every precaution 
against injury, almost prohibits the administration of 
either sh^ks or sparks to that organ. Its usual treat- 
ment by electricity is by the aura proceeding from a 
wooden point, which renders the electric stream softer 
than when flowing from a metallic point. 

The instrument for throw- 
ing the electric aura on to 
the eye is represented by No. 

1, Fig. 74. The wooden point 
is screwed on to one end of a 
brass wire, which is enclosed 
in the axis of frmnel-shaped 
glass tube, with an oval open- 
ing at the wide end for adapt- 
ing it to the affected eye. 

The wire slides to and fro in 
a collar, at the smaller end 
of the glass tube, add has a 
hook at its exterior extremity for connection by a wire 
or a chain with the prime conductor. The operator 
holds the instrument by the glass, and is thus insulated 
from the wire and wooden point He places the wide end 


Fig. 74. 
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oyer the eye, and the wooden point being adjusted to the 
proper distance, the machine is put into motion, and the 
aura issues from the point as represented by the figure. 

In applying electricity to the ear, somedmes sparks 
and at others the aura answer best, but in no case 
should shocks from a jar be administered to any part of 
the head, for fear of injuring the brain. The bent medi- 
cal director. Fig. 69, with its ball, is w^ adapted for 
transmitting sparks to the interior of the%xternal ear :* 
and by removing the ball and replacing it By a wooden 
point, as represented by No. 2, Fig. 74, the aura can be 
exhibited to that organ. 

In applying electricity to the body, no violent shocks 
should on any account be administered ; they never do 
good, and may be productive of serious evil. The per- 
foration of paper, shown in previous experiments, would 
indicate to the physician the probability of injury to de- 
licate dssues, and we are not without instances of blood- 
vessels being ruptured ; therefore, in all cases of the 
head and body the greatest caution is required. 

Pains in the limbs frequently require more formidable 
electric shocks for tlieir removal, though in many cases 
powerful sparks have a better effect. The process is some- 
times tedious, requiring a daily application for several 
weeks, but more frequently the cure is performed in a much 
less time. In some cases the pain disappears the first day. 

To small animals a powerful discharge is almost 
sure to be fatal, especially if directed through the head. 
A pigeon for instance, is Ulled by a discharge from a large 
jar, and small fishes maybe killed by transmitting a dis- 
charge through the water in wliich they are swimming. 
If, for instance, small smelts, or whiting, were placed 
in a basin of water, and Fig. 75. 

a discharge transmitted 
from a large jar through 
the water, by an ar- 
rangement such as is 
represented by Fig. 

75, the fish would ex- 
perience a shock that 
would immediately de- 
prive them of life. 
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If, instead of small fishes, we were to place a firog in 
the basin of water, a discharge through the water would 
kiU the animal* It is difficult, however, to kill a wet 
frog when placed on 
a table, but he is 
easily killed by sus- 
pending him in the 
circuit in the man- 
ner represented by 
Fig. 76. • 

It is not only dur- 
ing life that the 
animal system is 
affected by electri- 
city, but long after the functions of life have ceased to 
be in operation some of the most remarkable phenomena 
have been displayed, even life restored, by tlie stimu- 
lating agency of electricity. The electro-physiological 
phenomena exhibited by dead animals will be extensively 
illustrated in our lectures on galvanism. 

LFXTURE XL 

In pursuing electrical enquiries from tlie productions 
of the machine to those of nature, we find every principle 
that is exhibited from the one source, corresponds with 
those displayed from the other : from the simple attrac- 
tions and repulsions, to the most magnificent phenomena 
producible by electric action. The air surrounding this 
globe of earth being intermixed with the electric fluid 
as decidedly as the materials of the earth itself are 
charged with that subtle agent, it is reasonable to sup- 
pose that electro-fluctuations take place in the atmosphere 
as well as in the earth, by every change of temperature, 
hydrometric condition, &c., to which it is exposed ; and 
as these changes are frequent, rapid, and occasionally 
great, they are attended by corresponding sudden and 
great changes in thi electric condition of the aeriel shell. 

It is a remarkable fisct that, in a still, cloudless atmos- 
phere, the electric condition of it, as high as has been 
explored, is that of a gradually increasing charge, from 


Fig. 76. 
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the earth’s sorface upwards ; and as this is uniformly 
the case, under these circumstances it becomes an estab^ 
lished fkct in atmospheric electricity, which may be 
conveniently employ^ as a standard or normal condi- 
tion in stupes of this subject. 

The ratio of electric increase with increasing atmos- 
pheric altitudes having never yet been determined, we 
are not in possession of any definite law ; and as different 
results have been obtained by different observers, under * 
circumstances apparently similar, the data hitherto 
collected are too uncertain, and too scanty, to form any 
basis whereon mathematical assistance could be available 
in the establishment of a correct law on this interest- 
ing topic. Notwithstanding, however, the want of precise 
theoretical laws on the electro-distribution in the atmos- 
phere, being an acknowledged fact, the desideratum is 
pleasingly, though partially supplied to the observer, by 
the unfading picture which is formed in his mind, of 
the certain increase of electric agency at increasing alti- 
tudes from the earth’s surface : every succeeding stratum 
being electro-positive to every stratum beneath it, and 
tlie whole atmosphere electro-positive to the globe which 
it surrounds. 

The easiest and surest mode of ascertaining the dif- 
ferent electric conditions of the atmosphere at different 
altitudes, is by means of a series of kites, with a wire 
strand in each string. 

The kites, which ought to be four or five in number, 
are to be floated at the same, and with different lengths 
of string, from a hundred to a thousand or more yards. 
Let, for instance, the lowest of a series of five kites have 
only one hundred yards of string, and the highest one 
thousand yards. Under favourable circumstances the 
former will attain about seventy yards, and the latter be- 
tween eight and nine hundred yards of altitude ; and the 
intervening three kites will float at different altitudes 
between these two extreme ones of the series. If now 
we place the ball of a Leyden jar to the insulated string 
of the lowest kite, it will become charged to a low in- 
tenai^ in a certain period of time, and by applying the 
bill of the jar to an electroscope, and testing Uie charac- 
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ter of the electric action, either by sealing wax or by 
glass, in the usual way, we find that it is positive. 

The same operations are to be prot^ied^ with at the 
other kite strings, and it will be found that the whole of 
them display positive electric action, with an increase 
of intensity in the charge of the jar, from the first 
to the highermost kite in the series. We next proceed 
• to ascertain die relative differences of the electric actions 
of the kite ^trings, by bringing two of them at a time in 
their insulated state, close to each other, and we observe 
a spark pass between them. After satisfying our- 
selves by these means that, although the whole series 
are positive to the ground, tliey are positive and nega- 
tive with respect to each other, we next insulate a jar, 
and by connectin *one kite string with its exterior sur- 
face, and another with its interior one, the jar becomes 
charged, and in such a manner, that the highest or 
longest string of a pair invariably communicates the 
positive charge to tlie glass, whether it be the inside or 
outside of it with which it is in contact. 

There are, however, frequent cases, whilst experi- 
menting with kites, in which that with the longest string 
will not be the highest ; under such circumstances the 
intensity of the charge of such string is not so great as 
that of a shorter one, whose upper end is much higher ; 
although the quantity obtained by a discharge from the 
former is occasionally somewhat greater than that dis- 
charged by the latter. Now, since there is a general 
law in electricity by which we are enabled to understand 
that the fluid cannot be transmitted from one body to 
another, unless the former be positive to the latter, it be- 
comes obvious that the exploring wires in the kite string 
must have been negatively electrical to the atmosphere, 
prior to their receiving their respective charges from it, 
and as those electric charges were not communicated to 
the wires prior to their ascent, it is obvious, < also, that 
they were received from* those portions of air through 
which they ascended, and eventually from those regions 
which were invaded by their highest points. Since also 
the electric charges are found to be the highest from 
the highest aldtud^, the electric pressure is also greater in 
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those places : hence the exploring wires become electro- 
polar, haying their lower and upper parts poMve and 
negative respectiyely ; and since the drcnmambient 
pressure at the lower ends of the wires is uniform, the 
electric state which each wire displays will depend <ni 
the electee state of the air surrounding its highest point ; 
and consequently, the relative electric actions exhibited 
by the lower ends of the kite strings are true represen- t 
tatiyes of the relative electric conations of jdiose strata 
of air in which the kites are floating. 

The same fact may be proved by the opposite process. 
If, for instance, from a balloon at a great altitude, several 
insulated wires of different lengths were to be let down 
by weighting their lower extremities^ each wire would 
be found negatively electrical with respect to the bal- 
loon itself, and consequently with respect to its con- 
tents and the surrounding air. The shortest wire, 
in this case, would be the least electrical^ and the 
longest one the most electrical in the series; and 
every one in the series would be negatively electri- 
cal as some function of its length, no two of them 
being alike ; hence, if the longest wire touched the 
ground, it would be negative to the whole of the re- 
maining part of the series. By this process, as decidedly 
as by that with the kites, the wires would become elec- 
tro-polar ; and because the lower extremities of all the 
wires would be subjected to a less degree of electric 
pressure than that investing their upper extremities; 
the lower pole of each wire would be electro-positive. 
The polar action, however, would be of different degrees 
of intensity, and consequently, the lower ends of the 
wires would relatively display different electric states, 
being positive and negative throughout the series. The 
lowermost wire, if insulated from the ground, being 
posUivCt and the uppermost one negative to all the rest. 
Hence we understand, that it js a matter of no conse- 
quence whether the wires proceed,^ from one common 
station doumwardSf or from one common station 
isardi, they will in either case be reUuivelg poditive 
and negative, accordingly with their respective lengths, 
when in a vertical position. 
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Again) tinoe the different dtgreen of polari^, or dif- 
ferent eWtric states of the extremities of the wireS) 
depend upon different degrees of electiio pressure at the 
upper and lower stations) it is obvious tl^t if the pres- 
sure was equal from one end of the wire to the other) 
no electro-polarity could possibly take place. Moreover) 
since no electric discharge can possibly happen inde- 
•pendently of polarity, we learn the reason why balloons 
have passed, with impunity through dense clouds highly 
charg^ with the electric matter not experiencing even 
the slightest indication of electric action, excepting, 
perhaps, the unpleasant sensation which the aeronaut 
might experience from the great circumambient elec- 
tric pressure. 

1 have already informed you, that the quantity of 
electric matter in bodies generally is almost continually 
varying, from the ever-varying surrounding electric 
pressure ; and that different b^ies have different degrees 
of susceptibility for the reception of the electric fluid. 
Therefore it will be easy to conceive that any insulated bo- 
dy of great dimensions, would receive a greater qitantity of 
t^ electric fluid than a small one of the same Idnd when 
both were under the same degree of pressure. Hence 
it is that a long insulated copper wire stretched Wf- 
zontaUy at the height of a few yards feom the ground, 
will, occasionally, even when no cloud is present, receive a 
considerable charge from the surrounding air ; suffi- 
cient, indeed, to communicate powerful shocks, although 
a very thori piece of the same wire would never receive 
an appreciable charge under any circumstance of sur- 
rounding pressure in a cloudless sky. But it must be 
observed, that such a wire being surrounded by an 
equable electric pressure, cannot possibly become elec- 
tro-polar, and consequently, could not dispose of any of 
its charge to a vicinal insulated wire of the same kind, 
whether the lengths were equal or unequal; unless, 
indeed) the latter h|d not been exposed to the same 
pressure fer a sufllcient period of time to receive all 
the fluid due to its susceptibility of being charged with, 
from that pressure. 

Now, although no wire could dispose of any part of 
such a natural charge of the electric fluid to another of 
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the same kind and similarly situated, the distribution of 
its fluid would sufler a change by certain approaches of 
the other wire. If, for instance, the two wires approached 
one another longitudinally until they came close together, 
and laid side by side from one end to the other, under 
these circumstances, the fluid previously occupying those 
parts of the two surfaces, which forms the plane of con- 
tact of the wires, would become displaced by mutual* 
repulsion ; and after a moment’s disturbance of the whole 
of the fluid in both wires, a new distribution and electro- 
equilibrium would be established. 

With respect to the approach of insulated matter of 
other kinds, to that constituting the insulated wire, 
it is obvious that electrical phenomena would be dis- 
played in consequence of a difference of electric pres- 
sures which the bodies would exercise on each other 
as the surfaces approach. If the approaching body 
were uninsulated, a polarization would take place, 
whatever were the character of that body, because 
the electric pressure on the wire would be lessened 
at, and about the point approached. It would there 
exhibit a positive pole, and if the body approached were 
near enough, a discharge from the wire would take place ; 
the force of which would be proportional to the extent 
of the wire and the electric pressure of the surrounding 
aerial medium at that time ; and as that pressure is con- 
tinually varying, the cliarge in the wire will vary also. 
Therefore the same wire cannot be chiprged to the same 
extent a| all times, which is a fact well ascertained by 
several electricians of the highest repute. From the 
whole of these circumstances, a long insulated wire 
appears to be well adapted for an important part of an 
electrS^phorascope^ which would indicate the changes of 
electric pressure in the lower strata of the atmosphere, 
under a cloudless sky ; and as such a wire would ^ways 
represent the electrical state of that stratum of air in 
which it was suspended, it would al(io form an important 
part of an electro^uietaboluucope^ which would indicate 
thosechanges flrom plus to msaus, and vke ecrsa, of the 
air with respect to the earth, which occasionally take 
place by the approach, transit, and departure of clouds. 
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Mr. Sieplieii Grey, a Charter^house pensionert who 
discovered the difference between conductors and non- 
conductors, and other capital facts, appears also to have 
been the first electrician who entertained the notion of 
an identity between electricity and lightning. In the 
concluding paragraph of one of Mr. Grey’s papers, 
printed in the Transactions of the Royal Society, the 
Author says, whilst contemplating the results of the 
experiment8«he had been describing in the same paper, 
** By these experiments we see, that an actual flame of 
fire, with an explosion, and an ebullition of cold water, 
may bo product by commimicative electricity (commu- 
nicated to a metallic rod, an iron ball, and other bodies, 
on which he had been experimenting): and though these 
effects are at present but in minimus, it is probable that 
in time there may be found out a method to collect a 
greater quantity of it, and consequently to increase the 
force of this electric fire, which, by several of these 
experiments seems to be of the same nature with that 
of thunder and lightning.” 

These predictions, which were printed in the Tran- 
sactions for the year 1735, ten years prior to the disco- 
very of the Leyden jar, and about seventeen years before 
the first successful experiments on atmospheric electricity, 
were wonderfully verified in these two memorable events. 

After the wonderful powers of the Leyden jar had 
become generally known, there can be no wonder of the 
identity of electricity and lightning being suspected by 
those electricians who paid close attention to the character 
of die phenomena ; indeed it soon became a prevalent 
opinion : but it is certainly to Dr. Franklin that the 
honour is due, of earnestly calling the attention of 
{fiiilosophers to this topic by his admirable observations 
on the analogies which the ^ects of lightning and elec- 
tricity present, and also of placing before them a plan 
by which a satisfactory experiment might be made. Dr. 
Franklin's plan of ei^rimenting bears date 1749, and 
the following description of it is in his own words : — 

** To determine the question whether the clouds that 
contain lightning are electrified or not, I would propose 
an experiment to be tried where it may be done conre- 
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niently. On the top of tome high 
tower or steeple place a kind of sentry- 
box, as in Fig. 77| big enough to con- 
tain a man and an electrical stand. 

From the middle of the stand let an 
iron rod rise, and pass bending out of 
the door, and then upright twenty or 
thirty feet, pointed veiy sharp at the 
end. If the electrical stand be kept 
clean and dry, a man standing on it 
when such clouds are passing low, might be electxified 
and afford sparks, the drawing fire to him from the 
cloud. If any danger to the man should be apprehend- 
ed (though I think there would be none) let him stand 
on the fioor of his box, and now and then bring near to 
the rod the loop of a wire that has one end fastened to 
the leads, be holding it by a wax handle : so the sparks, 
if the rod is electrified, will strike from the rod to the 
wire, and not affect him.** 

The plan for this grand experiment being made 
generally known throughout Europe and America, many 
philosophers of both countries made preparations for 
carrying it into execution. The French were the first 
in the field on this memorable occasion, and M. Dali- 
bard’s apparatus, erected at Marley-la-Ville, had the 
honour of being the first that was visited by the ** ethereal 
fire,’* though that philosopher himself, in consequence 
of an absence from home at the time, was deprived of 
the gloiy of being the first beholder of it, the enviable 
good fortune falling to the lot of his servant, Coiffier, 
who was left in chiuge of the apparatus. 

Dalibard’s apparatus viras similar to that proposed by 
Franklin, which, however, was not placed on a steeple, 
but on some high ground. It consisted of an iron rod 
forty feet long, the lower end of winch was brought into 
a sentry-box, where the rain could not come. On the 
outside the rod was fastened, by rulken cords, to three 
stout wooden posts firmly fixed in the groi^. On 
Wednesday, the lOth of May, 1752, betwm two and 
and three o'ckck in the afternoon, Coiffier saw the first 
^tiie spark drawn from the atmosphere ever witnessed 
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by nuui. He heard a clap of thunder at aome dl8tanee» 
and on iq^ying a small Leyden bottle to the iron rod, 
eleotrie tpai^ were obtained, and die great questjcm 
set al rqit about one month earlier than Franklin him- 
self had an (mportnnity of making a satisfactory exMii- 
ment, whidi ne did by means of an elevated kite in June 
of the same year, and without having any infoxilation of 
,what had bem done in France. 

Fruddin’s kite was simply a silk handkerchief stretched 
diagonally by two sticks, with the usual loop, tail, and 
hempen string, ^iHiich was insulated by means of a silken 
cord at the lower eni^ 

The first Indka^On of electric action observed were 
the repulsions among the fibres of the string, which stood 
erect and avoided one another as if attached to the prime 
conductor of a machine. Shortly after these appear- 

s from a key which he had 

A dense 
libi^conse- 
IBbring,and 
the electric fiuid was 


copiously exhibited in various ways. From the time that 
Franklin's kite experiments became known to the present, 
an electric kite has been consider as an indispensable 
apparatus for explorations of the atmosphere. 

The electric lutes that 1 employ differ little from that 
first used by Franklin, excepting in the manner of apply- 
ing the string, the tail, and in making them portable 


and convenient for carriage 
I provide a square of 
sarsenet, and a pair of 
stretchers made of light 
wood, and well varnished 
for protection against the 
wet. These stretchers are 
coupled together by means 
of a pin wdiich nwses 
through the centre of Mth, < 


and on which, as a pivot, they can turn and be set to the 
proper angle for stretching the silk, or they can be brought 
close and parallel togeuier. One extremity of eaeh 
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The xeeerroir consists of a hollow ^ cylinder, mount- 
ed on a stout glass pillar, as re- Fig. 79. 

presented by 79. The up- 
ptt end of t^ tin cylinder is open 
mr the purpose of lodging in it 
that part of the string not taken 
up by the kite, and in order to 
k^ the strain of the string from 
*pulUng down the reservoir, the 
latter is andiored by silken cables, 
which keep it steady ; the string, 
also, has a silken cord tennir 
nation, which reaches over the 
mouth of the prime conductor, 
and has its other end anchored in 
the ground. To the lower part of the reservoir is screwed 
a Lane’s discharger, with a wire for occasional con- 
nexions. 

The coated bottle is enclosed in a cylindrical brass 
case, to protect it from breaking. Fig. 80. 

When the cover is taken off the 
body of the case, the neck of the 
bottle, with its brass ball, is ex- 
posed. A small discharging rod, 
with one metal branch and a short 
ivory handle, is attached to one 
end of a copper wire, the other end 
being connected with the brass 
case, and consequently with the 
outer coating of the jar. Within 
the lid of the cylindrical case is the 
compass card and its magnetic nee- 
dle, which being covered with glass, 
in the usual way of fitting up small 
compass boxes, is protected from injury, and when re- 
move from the case is placed horixontally on the ground, 
and the needle takes its proper position. The jar, with 
its neck and ball expoM, and the discharger applied as 
in the act of discharging the bottle through the spiral 
wire, is represented by Fig. 80. The lid of the case in 
the capacity of a compass-box is seen below the jar. 
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When the kite ii about to be used on a fine cloudless 
day, for the mere purpose of ascertaining the character 
of the electricity the air at a considerable altitude, it 
may be let fly from the hand in the usual way, by pay- 
ing out the string as fast as it can be taken up. T^en 
sufficiently high, a single hitch is taken round the reel, 
or stick, if wound on one, to prevent more string leaving 
it. The silken cord is now fastened to the kite-string, 
and the other end anchored in the ground. In eases of* 
this kind there is no need of the reservoir . ' When the 
kite has been anchored a few minutes, the knuckle may 
be presented to the string, and probably a spark will be 
experienced. The bottle is now to be charged by applying 
its ball to the string, and afterwards dis(^rged by the 
proper apparatus. If the charge appears high, the 
sjural with its enclosed needle is to placed in the 
circuit as shown in Fig. 80, and a few discharges sent 
through it. These will magnetize the needle : which, 
when presented to either pole of the compass needle in 
the box, will display the character of the pole presented, 
and this polarity of the magnetized needle will indicate 
the direction of the electric current through the spiral 
wire, according to the law of electro-magnetism already 
explained. If the current traversed the spiral wire/rom 
the inside to the outside of the bottle, its inside was 
electro-positive ; and consequently the string was electro- 
positive, and also the air was in the same state with 
reference to the ground. This is the usual electric state 
of the atmosphere, when perfectly clear and no appearance 
of cloud. Such an atmosphere, however, though con- 
stantly positive with reference to the ground, is much 
more powerfully so on some occasions than on others. 

I have usually found it most powerful during the 
sharp cold noith east winds in Ma^ and the begmning 
of April. 

With about half a mile of string out, during a smart 
breeze from the north-east, 1 have had a series of sparks 
too rapid to be counted through a ^late of air between 
the reservoir and the ball of £e discharger, Fig. 78, of 
an inch and a half in thickness. This circumstance 
occurred at the Military College at Addlscombe, in 
March, 1824. 
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During the afternoon of the same day I attached the 
lower end of the kite-string to the back-band of another 
kite, and by this means got up about another quarter of 
a mile of string. The upper kite now floated very hi£^, 
and being of a light blue colour, nearly corresponding 
with the colour of the sky, requir^ a g(^ search of the 
eye to find it. When Ibe lower string was anchored 
shocks which it delivered to those who approached it 
* were exceedingly severe. About fifty of the gentlemen 
cadets recdved shocks from the string, but not more than 
two or three of them could be prevailed upon to approach 
the string a second time. 1 experience one of these 
shocks myself, and the blow was tremendous and general 
throughout the whole system, but most severe in the 
arm that received the discharge, the chest, thighs, and 
shin-bones. 1 next brought out a large Leyden jar 
of* the capacity of three g^lons, and ap^ed its ball to 
the discharger of the reservoir. The charge of the jar 
was rapidly accomplished, with such an intensity as to 
occasion spontaneous discharges over the top. Under 
these favourable circumstances I made a great number of 
experiments. A piece of ordnance was several times fired 
by discharges from the jar, and twice by sparks from the 
string ; all the sewing needles that could be mustered 
were magnetized ; copper and silver were revived from 
their solutions, and water was operated on, but only 
very slightly decomposed.* 

1 will just mention in this place, once for all, that I 
have occasionally found it necessary to elevate the upper 
end of the string by the assistance of three kites in series, 
in order to get even a trifling charge of my small expe- 
rimenting jar, Fig. 80. 

If the late experiments be intended to ascertain the 
eleetrie state of the atmosphere at diflerent altitudes, 
then it will be necessary to have four or more kites ele- 
vated with di£brent lengths of string, in order that they 

may float at different altitudes. Experiments ibfthis 

• 

* This series of experiments have been regularly alluded to in 
my leetnres, bat never before recorded : nor do I know of any 
similar series of experimentt recorded by any other person. 
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purfxwe can never give satii^ictory resnlta only under a 
cloudleis sky» and then in all cases, as I have before 
stated, it be found that the atmosphere is more and 
more electricid as the strata expbred are more elevated. 

In hot sultry weather, and especially when hazy, the 
atmosphere is highly charged widi the electric fluid at a 
very low altitude. I have on some occasions found the 
shocks iVom the kite-string quite insupportable when the 
kite was not higher than a church steeple, and this too * 
when the string was not insulated. Undei these cir- 
cumstances it is impossible to let out much string in the 
usual way, by paying it through the hand. 

When the electric shocks are thus powerful from low 
altitudes, and it is desirable to get the kite higher, the 
best method is to bring down the kite, and when down 
stretch out on the ground the whole length of string 
intended to go up, with the late attached at one end and 
the insulation perfect at the other ; also the spare string 
in the reservoir and the ball of the discharging piece 
adjusted to a moderate distance, about an inch and a half 
from it, with its wire stuck in the ground. Thus pre- 
pared the kite will ascend flrom &e hand, and when 
elevated a while, the apparatus at anchor may be observed. 
If sparks be seen between the reservoir and the discharg- 
ing ball the power is great, too great indeed for the 
operator to approach the string. If no sparks be seen 
the ball may be pushed a little closer until they appear, 
which, under the circumstances mentioned, are likdy to 
be copiously produced. In some instances during these 
hot hazy days, I have seen the sparks strike through more 
than two inches in rapid succession for more than an 
hour continuously. It is easy to charge a jar on such 
occasions, and by magnetizing a needle to ascertain the 
electric state of the haze, which I have always found to 
be positive. 

During the summer season it is always difficult, if not 
dangerous, to elevate the kite when clouds are about, 
without the precaution of first stretching the string on 
the ground and making the other preparations alr^y 
naam : for want of su^ precaution 1 have frequently 
experienced severe blows whilst paying out the string. 
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When there it ahy appearance of lightning, even though 
not near, the string most never be let pass through we 
the hand whilst elevating the kite. Flashes of lightning 
invaiiablj produce eleotrie wave^ in the air to a great 
distance on every side, and these waves produce tre- 
mendous discharges through the medium of the kite- 
string when it Imppens to be in their way, and might 
injure or even kill the operator were he close to the ap- 
paratus at the time. 

Floating clouds also, when no lightning is present, 
are invariably productive of electric waves, when they 
are highly charged. I have had a good deal of ex- 
perience amongst electric waves thus produced, and 
occasionally have permitted others to experience their 
effects.^ I have frequently been much annoyed by 
powerful shocks from waves whilst taking in the kite- 
ali^g.^Onone occasion I was struck a violent blow by 
whlidi passed over about two yards of silk 
n, though ^kite-string was uninsulated at the time, 
_ tied to a tree. The cloud producing the wave 
was thin and of small dimensions, and not within a 
quarter of a mile of the kite* 

To give an idea of the manner in which electrical 
waves are formed, and of their influence on bodies 
amongst which they flow, it will be necessary to call to 
your recollection the illustrations already given on the 
subject of electro-polarization. You are already aware 
that an already charged body has the power of disturb- 
ing the natural electric equilibrium of those bodies 
which are placed within its sphere of influence; and 
that an electro-positive body repels the fluid from the 
vicinal part of me body on which it acts,, and thus ren- 

* Sergeant Rodd of the Royal Artillery, if still alive, reiiieiii> 
ben well the cflect of an elemc wave. Having presented his 
hand to the kite-string several times without experiencing even 
a spark, in the ArtiUeiy Barrack grounds at Woolwich, he 
begim to laugh at the idea of elec^c shocks from the air. 
Sb^y, however, I Spied a clood making its appearance be- 
hind the Repository, and on its approach askea the seigeant 
to try again. He ^ so, bat before he got his hand near to 
the string a discharge stroek it, and sent the sceptic reeling, 
to the gr^ amusement of bis In^er non-eommissioiied of&oers 
who were present. 
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den it negative ; and the body itself, taken as a whole, 
becomes electro-polar whether insulated or not. 

You may now suppose the polarizing body to be an 
insulated sphere Fjg. si. 

as represented by 
p. Fig. 81, and 
that Sie nearest ^ 
body is a brass 
cylinder, and be- 
yond the cylin- 
der another me- 
tallic sphere n, 
is placed all insu- 
lated. Now, ac- 
cordingly with the doctrine of electro-polarization, the 
electro-positive sphere p polarizes the cylinder, render- 
ing the vicinal end negative and the remote en ‘ 

The cylinder now becomes a polaiirtt||jg bo( ^ . 
cidedly as the original elpptricid spSie p, and 
turn polarizes the sphere n, by repelling its fluid to i 
remote side. 

In all cases of electro-polarization there is a polar 
axis, which is a line joining those two opposite points 
of the polar body on which the electric action is exerted 
to the highest degree. These points are in &ct, the 
real poles of the body. The polar axis of a sphere 
pimes tlirough its centre, and consequently is coincident 
with a diameter. When the three b^ies represented by 
Fig. 81, have their centres in the same right line, the 
polarizing axis of the system passes through the centres 
of all the bodies, as represented by the dotted line. 

Now, in order to produce electric waves in the cylin- 
der and the sphere n, we have only to move the polariz- 
ing sphere p to and fro, in, or nearly in the axis vi 
polarization represented in the dotted line. Let us 
suppose, for instance, that the sphere p is first placed 
too remote firom the cylinder to disturb its natural 
equilibrium : under these circumstahces, both the cylin- 
der and the sphere n will be neutral. Now advance the 
sphere p gradnaUy towards one end of the cylinder : 
a corresponding departure of the fluid takes place from 
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the vicinal to the remote parts of the latter, and the 
gradual accumulation at the remote end produces a 
corresponding and simultaneous movement of the fluid 
bebnging to the sphere n. In each body, therefore, 
there is an electric wave during the advance of the dis- 
turbing body p* Now withdraw the sphere p: the 
fluid in both the cylinder and the sphere k now flows 
•back again, and the electric waves in those bodies are 
in the reverse order to the former. It will now be 
quite obvious, that were the sphere p moved to and fro 
amongst a promiscuous group of bodies, that electric 
waves would be produced in the group, corresponding 
with the motions of the disturbing electrized sphere. 

Hitherto we have considered the bodies to be insu- 
lated, and their centres all in the same right line ; but 
we have seen in a former lecture, that if the sphere n 
were uninsulated, the polarization would take place with 
greater facility and to a greater extent ; and if instead 
of moving the polarizing sphere f in a line with the 
centres of the other two bodies, the axis of polarization, 
and consequently the poles of those bodies, would 
be very differently situated. If the polarizing body 
F were to move past or over those other two bodies, 
the axis of polarization would be continually chang- 
ing its position. Such also, would be the case were 
the sphere f to move over an uninsulated mass 
of any conducting matter whatever, as is the case 
in nature ; for when a highly electrized cloud is float- 
ing over a tract of country, it polarizes the land as 
it passes over it, and produces electric waves within the 
sukace when of good conducting quality, both in the 
direction of its pith and laterally, on i^th hands, as 
decidedly as a vessel under sail produces waves on the 
sur&ce of water otherwise perfectly at rest 

But it has already been shown that in the electro- 
polarisation of conducting bodies, the intervening plates 
of air are also polarized, and consequently Idghly 
charged dbuds polarize the atmospheric air iSl armind 
fliem, repelling the dectrio fluid to a great distance, 
and living a vicinal negative space on every side. Now 
imagine tlm dood to move on, the air around its path 



successivelj yielding to its polarizing influence, sufiers 
its natural share of electric fluid to flow to remoter parts, 
and the advancing cloud, thus endowed with power, 
enforces an atmospherical electric tide, in correspondence 
with its progress through the air. It is this primary 
tide-wave in the air, that polarizes the ground, and 
produces a corresponding electric wave over the tract of 
country above which the cloud floats. • 

When an electric cloud is driven by the wind towards 
a high piece of ground whose substance is a bad con- 
ductor, that substance resists the electric wave, and will 
not suffer the fluid from the air to transpierce it : an accu- 
mulation then takes place on the face of the hill, which be- 
comes charged, in the manner of charged non-conducting 
solids generally. The consequence is a reaction against 
the cloud, upon the principle of electric repulsion. The 
cloud being now under the influence of two forces, the 
wind and the electric repulsion, will have its speed 
retarded, if not arrested altogether. Its future path will 
depend on the relative power of the two forces, and on 
the direction lines in which they are exerted. Chatham 
Lines, which is a portion of the great chalk formation, 
is remarkable for giving new directions of motion to 
approaching electric clouds. Shooter’s Hill, also, I 
have known to give electric clouds very different direc- 
tions to those previously pursued from the force of the 
wind alone. It is far ^m being an uncommon circum- 
stance to see electric clouds floating in opposition to a 
light wind ; and very frequently indeed, their motions 
are oblique to it 

Now, since electric clouds travel with the greatest 
facility over a country which offers the least resistanoe 
to the grand electric tide wave, there can be no wonder 
at their greater tendency to pass over wet land, rivers, 
&c., than over dry land, which is a worse conductor, 
especially when such land is high. 'When olonda are de* 
fleeted from the wind’s direcUon, they are certain to be 
guided by toe conducting character of the country below. 
With respect to Chatham Lines and Shooter’s Hill, I 
have had flrequent o{^>ortanities of observing douda de- 
flected by thuem to toe re^>eotive neighboiuing rivers, 
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the Medway and the Thames. From these fkcts there 
seems to be a possibility, at least, of forming an idea of the 
character of the geological strata by observing the motions 
of thunder clouds and others highly charg^ with eleo« 
trieity. 

That flashes of. lightning produce electric waves on 
every side, may easily be understood by considering 
evhat would haj^n to the cylinder, Fig. 81, were the 
sphere p to he suddenly charged and only for a moment. 
A sudden and momentary polarization would be the con- 
sequence, by an electric wave from the vicinal to the 
remote end of the cylinder, which would inunediately 
retire again on the exit of the disturbing force from the 
sphere p. Electric waves produced by flashes of light- 
ning, are necessarily rapid, and only of momentary 
existence, whilst those produced by clouds are slow 
and of long continuance. Both classes of electric waves 
may be illustrated by the following experiments. 

Place three or four gold leaf electroscopes in a row, 
at some distance from one another on the table, then 
take hold of the coating of a highly charged Leyden jar, 
and pass its ball slowly over the electroscopes : the 
wave thus produced in the air causes their leaves to 
diverge as this artificial cloud passes over them in suc- 
cession. If, instead of the usual ball of the Leyden jar, a 
large well-polished ball were attached to it by a long metal 
stem, the ^ect on the electroscopes would indicate the 
power of this class of waves in a very beautiful manner. 

To illustrate electric waves produced by lightning, 1 
place a gold leaf electroscope at a considerable distance 
from the prime conductor of the machine, and, before 
the latter becomes electrized, 1 hold a large brass ball 
against it* Now turn the ma<^ne : nothing happens to 
the electroscope, but the moment 1 remove the ball it 
receives a spark ; in fact, a miniature flash of lightning ; 
and the gcdd leaves of the electroscope are thrown open, 
indicating the influence of the momentary wave, in 
nrither ease is there left any trace of eleotric ac- 
tion in the electroscopes. But if each electroscope 
were to be famished with a pointed wire, projecting 
upwatdSf file whole would remain electrical : the series 
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of electroscopes over wMch the electric ball passed 
would show that tall rods pointing into the air receive 
electric fluid whilst an electric cloud passes over them ; 
and the electroscope charged bj the wave from a spark 
is a good illustration of Sie electrization of tall pointed 
rods by a wave from a flash of lightning. 

Although I have employed the ball of a Leyden jar 
in these experiments, 1 am far from supposing that a 
charged jar is a just resemblance of an electric cloud ; 
nor do I entertain the idea that the air becomes charged 
in the manner that coated glass is charged. Tn my 
opinion, there is not at the present day a more palpable, 
certainly not a more popular error, amongst writers on 
electricity, than that of supposing the air to be charged 
like glass. About the year 1755, an experiment 
was established by ASpinus and Wilche, at Berlin, 
which was supposed to show the identity of charged 
glass and charged plates of air ; and although the ap- 
paratus was neither more nor less than a condenser 
on a large scale, the identity was supposed to be proved 
by means of it ; and from that time to the present 
the same opinion has prevfuled, even amongst the most 
famous of electricians. This Berlinean experiment is, 
however, exceedingly interesting, from its affording a 
better exempliflcation of lightning than any other. The 
apparatus for this experiment consists merely of two cir- 
cular boards, of four or more feet dia- Fig. 82. 
meter, both of which are covered with 
tinfoil. When used one of the boards 
is suspended by three silken cords to 
the ceiling, and connected by a wire 
with the prime conductor. The other 
is placed, uninsulated, directly beneath 
the former, their planes being parallel 
to each other. Fig. 82 will represent 
their relative situations. When the 
machine is put into motion the i^»per 
board necessarily becomes electro-posi- 
tive and upon the princi|de8 of polari- 
za^on, the lower board becomes dec- 
tro-negmtive : and the i^f^Huratus is now 
in the capacity of a condenser. If 
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tlie action of the machine be now arrested for a moment no 
charge is to be found in the intervening plate of air, nor 
any spark discoverable from the charg^ board, beyond 
such as is usually found at the prime conductor after the 
machine has ceased working : but coated glass would 
have retained the charge discoverable by these means ! ! ! 

If now, we place a well polished metallic hemisphere 
^on the middle of the lower board, a series of sparks will 
strike it from the upper one; and when the distance is 
such that die sparks are not frequent, each spark is 
highly imitative of a flash of lightning, and the noise, 
though feeble, is the thunder accompanjring the minia* 
ture flash ; for lightning is an electric discharge in the 
atmosphere, sometimes between a cloud and the earth, 
but more frequently amongst the clouds themselves. 
The electric fluid thus discharged flies swiftly through 
the air, in which it leaves a vacuous track behind, but 
of momentary duration only : for the displaced air 
suddenly collapses, and the noise of thunder, as one 
sudden report, is produced; which, by reverberation 
amongst the clouds and neighbouring hills, is echoed and 
re-echoed many times over in a succession of peculiar 
sounds, of a gradually decreasing intensity, until the last 
murmur terminates tlie electro-acoustic event. 

The cause of lightning clouds has long been a topic of 
speculation amongst philosophers. The celebrated Y olta, 
of Como, showed that the vapour of water foom the surface 
of the earth takes up an immense quantity of the electric 
fluid, and consequently charges the air with it. To 
illustrate the fact of vapour or steam taking up electric 
fluid, 1 Juive only to place a small tin dish containing 
water on the cap of the gold-leaf electroscope, and thin 
put a red-hot cinder into the water. This produces a 
copious evaporation, and the gold leaves diverge. Whilst 
thus divergent I test the electric state of the electroscope, 
and find it negative. Hence it is obvious that a por- 
tion of its natural share of fluid has flown off by means 
of the steam. This is the simple fhct, and nothing 
more, and gives no reason whatever why the steam 
should take away more fluid than naturally belonged to 
that portion of ^e water foom which it was formed. By 
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the help of Franklin’s can and cham, howerer (a^ Fig, 
19, page 61), we shall be enabled to arrive at a satisfiu:- 
tory explanation. 

When the dish of water was at the common tempera- 
ture it occupied a certain space, and contained its natural 
quantity of the electric fluid, or precisely that quantity 
which, in the character of water its susceptibility of 
charge would allow ; but as soon as it became con-^ 
verted into steam, its dimensions expanded, and a cor- 
responding expansion and consequent atfenuation of 
the electric fluid took place, in precisely the same 
manner as in Franklin’s chain when lifted out of the can. 
This attenuation of electric action in the steam rendered 
it negative, and being in contact with the unevaporated 
portion of the water absorbed electric fluid from it, and 
thus rendered it negative also. 

The next step in the illustration is to shew that the 
vapour thus pr^uced does absolutely carry up with it 
more of the electric fluid than naturally belongs to it when 
in the state of water. For this purpose 1 suspend, by 
means of a silken thread, a hemisphe- Fig. 83. 
rical tin vessel over the steam which 
rises from the water in the dish, in the 
manner represented by Fig. 83. The 
rim of this inverted vessel is turned 
inwards, and formed into a channel 
for the purpose of collecting the water 
from the condensed steam. By this 
means I not only collect the steam but 
its contained electric fluid also, which 
condenses as the steam condenses in 
the inverted vessel. When the eva- 
poration and condensation has pro- 
ceeded till the gold leaves of the 
electroscope below have diverged 
suflSciently for my purpose, 1 remove 
the insulated vessd to another electro- 
scope, which immediately displays 
electric action ; and by t^ applica- 
tion of an excited stick of sealmg-wix this action is found 
to be poaitive. 
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Th« itsulU of those experiments are very interesting 
in more ways than one; as they not only prove that 
steam is cajole of absorbing more of the electric fluid 
dum the water from which it is formed, but also fomish 
us with a satisfactory explanation of the origin of the 
electrUation of cbuds, which are well known to be 
masses of condensed aqueous vapour, which had ascended 
from the earth in a state of high attenuation. Recently, 
the electricity occasioned by condensing steam has been 
exhibited an a very extensive scale, by the experiments 
of Messrs. Patterson and Armstrong, at Newcastle- 
upon-Tyne.* 

From these considerations it would appear that all 
clouds at the time of their formation are electro- 
positive ; although, in consequence of a slowness of the 
cloud-forming process they may occasionally give off to 
the neighbouring air the redundant electric fluid almost 
as rapi^y as it is condensed. In such cases, the resultant 
cloud would be neutral ; but when by a sudden depres- 
sion of temperature a dense cloud becomes rapidly 
formed, its condensed electric fluid has no time to escape 
in any other manner than by a sudden discharge, which 
is a certain result if a proper object be sufociently 
near to receive it. 

The objects nearest to a cloud thus rapidly formed, 
are other clouds, either previously formed, or just coming 
into existence : and as it is next to impossible that any 
two of these clouds should be in precisely the same 
electric state, the positive cloud of the group darts its 
lightnings to those around it which are less intensely 
charged than itself. These again, in their turn, discharge 
their lightnings to others iiegative to themselves : and 
thus it is that the greatest quantity of lightning is 
always amongst the clouds, the discharges to the ground 
being eomimtively few. It is also a remarkable fact, 
that when hghtning does happen to strike the ground, 
it is generally succeeded by a profound pause, ^ com- 
• 

* A fofl deseriptioQ of fliese brilliant experiments appears in 
the ^ Annals of Electrietty, Magimtisiii, and Chemistry, &c.,” 
vols. V and vi. 
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parativelj long duration, daring which not a glimmer of 
lightning is seen, nor ia a murmur of thunder to be 
heard. Moreover, it is no unfi^uent circumatance that 
the flaah which atrikea the ground terminatea the electric 
storm. 

The immensely large hailstones which frequently fall 
during an electric storm, even in the hottest part of the 
summer season, indicate a sudden depression of tem- 
perature to have taken place in the region of the clouds : * 
and the subsequent cold tliat we almost invariably expe- 
rience for several successive days, would lead us to infer 
that, whatever may be the cause of the depression of 
temperature, it originated at some considerable altitude 
in me atmosphere, and progressed downwards to the 
surface of the earth. 

There is not, perhaps, a more prevalent idea respect- 
ing lightning, than that the danger is over immediately 
the rain commences falling. This is a sad mistake : 
and for want of knowing better many have become 
victims of this terrible element. Is there a summer 
passes over our heads without some fatal accident from 
lightning ? Scarcely one. Men who are ignorant of 
the danger they are about to expose themselves to, and 
animals of all kinds, take shelter under trees, and 
other tall objects during an electric storm ; not, however, 
from the lightning, but from the heavy rain which is 
fidling. The tree is struck, and the ill fated shelterers 
killed on the spot, though prior to the fatal event no 
dischargajiad struck any object on the ground : every 
flash was between cloud and doud, and the whole display 
in the aerial regions far above the loftiest object in the 
surrounding country. 

That lightning strikes the ground more frequently 
during rain than previously, is a fact fliat cannot be 
denied : and that this fact is strictly in accordance with 
the |»rinciples of electricity may e^y be demonstrated 
both by ai^ogy and experiment. An electric storm is 
generally preo^ed by a period of dry weather, the at- 
mosphere below the douds being very dry, and conse- 
quent a bad conductor, indeed it is ranked amongst 
^ non-conductors, and the thickness of the stratum 
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between the douds and the ground is very considerable. 
But this is not the case in the region of die clouds : an 
immense quantity of aqueous vapour is there condens* 
ing, which renders the air a better conductor, and the 
distance between the clouds is but trifling. Henoe« 
there is considerably less resistance between cloud and 
cloud than between the clouds and the ground ; and 
though the difference of electric intensity might not be 
* so great in the former, as in the latter case, the superior 
electric conduction, and the vicinity of the objects, tend 
to determine the discharges amongst themselves : and it 
is not till the failing rain has improved the conducting 
quality of the air below, and thus lessened the resistance 
to the electric force in the clouds, that lightning is 
capable of transpiercing it. It is, therefore, during the 
rain that the danger is greatest 

The experimental illustration of this topic is remark* 
ably beautiful and satisfactory. For this purpose I em- 
ploy a large Leyden jar, the universal discharger, and a 
plate of glass a^ut afoot long. I bring the balls of the 
sliding wires of the universal discharger into contact 
with the glass plate whibt placed on the table t. Fig. 56, 
page 124, at about two inches distant from each other. 
One of the balls I connect with the metallic plate, 
and when the jar, is charged to a high intensity I apply 
the discharging rod to connect the other with ^e b(^ of 
the jar : but no discharge takes place ; which is in con- 
sequence of the distance between the balls on the glass 
being too great. 1 now bring the balls to about one 
inch from each other, get the jar up to the previous in- 
tensity, again apply the discharging rod, and the 
discharge takes place. Now the resistance of a plate of 
dry air of about an inch in thickness, is nearly as much 
as the most intense charge of the jar is capable of over- 
coming. 1 will now moisten the air between the balls, 
by breathing on the glass and 1 will remove the balls 
tUl they are three in^es assunder. You will now see 
that the same extent of charge of the jar as before is 
capable of striking over the three inches of moist surfhce. 
1 will now increase the distance between the ball to 
eig^t inches, and by means of a wet camel-hair pencil, 
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draw an aqueous line between them. You will now 
have an opportunity of viewing a most beautiful 
phenomenon. The discharge of the jar traverses 
the eight inches between the balls on the glass, and 
the fluid is seen in a compact body, with all the bril- 
liancy of lightning, passing the whole length of the 
aqueous line. 

The striking distancet in electric language, is any 
distance between two bodies through which the electric * 
fluid is capable of passing, or striking, in a compact dis- 
charge ; and as Uie striking distance is increased by an 
increase of intensity of the charge, and also by reducing 
the resisting character of the medium, it will depend upon 
both of these circumstances : that is, it will he directly 
as the intensity, and inversely as the resisting character 
of the aerial medium ; which in symbols will stand thus : 

D is as in which d represents the striking distance, i 
the intensity of the charge, and £ the resisting character 
of the aerial medium. Hence, when the intensity is 
constant, the striking distance will be reciprocally as the 
resisting medium ; or, in still more gener^ and familiar 
language, the striking distance is greater as the non- 
conducting quality of the air is diminished ; and as the 
air has its non-conducting quality lessened by an admix- 
ture wiUi water, the striking distance of lightning from 
a cloud in the direction of the earth must be greater 
during rain than when the air is not so charged with 
water. 

Agaittv.; when the resisting medium is constantly the 
same, the striking distance vi^ be as the intensity of the 
charge, or d is as i. Hence it is that in discharges of 
similar quantities of electric fluid from difierent sized 
jars, the striking distance between the ball of the dis- 
charging rod and the ball of the jar is very diflerent, 
beca^ of the^difierence of intensity in the two cases ; 
the striking distance being always greatest with the 
smallest jkr. 

The subject of lightning conduetors is a branch of 
practical electricity of ez^edingly high interest, and 
demands the contemplations of the most profound elec- 
tricians. Hitherto, however, little more has been 
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attended to than the erection of a pointed rod of iron, 
without r^;ard to situation, altitude, diameter, inferior 
termination, or any of those theoretical points essential 
to the efficacy and protection of the conductors, so as to 
render it a si^eguard to persons and property against the 
most formidable element of nature. 

Franklin, the inventor of lightning conductors, first 
proposed ** for protecting hoiises, churches, ships, &c., 
from the stroke of lightning, to fix on the highest parts 
of these etlifices upright ro& of iron, made sharp as a 
needle, and gilt to prevent rusting ; and from the foot of 
these rods, a wire down the outside of the building into 
the ground^ or down round one of the shrouds of a ship, 
and down her side till it reaches the water. Would not 
these pointed rods probably draw the electrical fire silently 
out of a cloud before it came near enough to strike, and 
thereby secure us from that most sudden and terrible 
mischief?” 

This philosopher, however, subsequently recommended 
continuous iron rods, of about half or three quarters of 
an inch diameter ; which he said “ may be fastened to 
the wall, chimney, &c., with staples of iron. Tlie 
lightning will not leave the rod, a good conductor , to 
pass into the wall, a bad conductor, through the staples. 
It would rather, if any were in the wall, pass out of it 
into the rod, to get more readily by that conductor into 
the earth. 

” If the building be very large and extensive, two or 
more rods may be placed at different parts, for greater 
security. 

** Si^l ragged parts of clouds suspended in the air 
between the great body of clouds and the earth, often 
serve as partial conductors for the lightning, which 
proceeds from one of them to another, and by meir help 
comes within the striking distance off the earth or a 
building. It therefore strikes through those conductors 
a building that would otherwise be out of the striking 
distance. * 

** Long sharp pcnnts conununicating with the earth, 
and presented to such parts of clouds, drawing silently 
firom them the fluid they are charged with, they are then 
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attracted to the cloud, and may leave the distance so 
great as to be beyond the reach of striking. 

** It is therefore that we elevate the upper end of the 
rod six or eight feet above the highest part of the build- 
ing, tapering it gradually to a fine sharp point, which is 
gilt to prevent its rusting. Thus the pointed rod either 
prevents a stroke from the cloud, or if a stroke be made, 
conducts it to the earth with safety to the building. , 

** The lower end of the rod should enter the earth so 
deep as to come at the moist part, perhaps t^ or three 
feet; and if bent under the surface so as to go in a 
horizontal line six or eight feet fh>m the wall, and then 
bent again downwards three or four feet; it will prevent 
damage to any of the stones of the foundation.'* 

Such were the instructions of the celebrated Franklin ; 
and had he recommended copper rods instead of iron, 
and directed them to be kept dear of the building instead 
of being fastened to the walls ** with staples of iron," 
perhaps no better instructions could have been given ; 
as far, at least, as an individual rod is concerned. But 
besides the injury that buildings may receive from a 
flash of lightning striking a conductor fixed close to the 
slates and masonry, from lateral explosions, a conductor 
consisting of a single branch only might be the means 
of drawing down destruction to some parts of the building 
before the lightning reached that conductor. For, were 
the lightning cloud on one side of the building, and the 
conductor on the other, the lightning would neither go 
round ndo: over the house to arrive at the conductor, 
unless it met with greater resistance in a direct path, 
and as the destination of lightning is frequently a great 
distance from the cloud, and its path considerably 
oblique, it is possible that some part of its path might 
be through a part of the building before it arrived at a 
lightning rod which formed another part of its path. 

Cases of this kind have occurred, and, consequently, 
may possibly occur again under similar circumstances : 
therefore it seems to me that unless lightning conductors 
be properly placed, and of proper materials and dimen- 
sions, they may ^ the means of causing the most 
destructive consequences to those buildings they were 



intended to protect. It is very seldom indeed tiiat a 
flash of lightning proceeds in a vertical path : perhaps 
never. 

1 never yet saw, or heard of, a vertical disohar^ of 
lightning; they are frequently very oblique indeed. 
The lightning which damaged Saint Michad*s Church, 
at Liverpool, last year, was an oblique discharge, and 
struck the bronxe cross at the top 6f the spire, several 
leet from Jts top. 

There u such a display of ignorance in the erection 
of tall spires, that it is almost a miracle that the whole 
of them are not destroyed by lightning. Tlie copper 
clamps and strings of lead, the former uniformly pla^d 
at intervals from each other, and the latter wantonly 
poured into the crevices of the masonry, render the 
spire a complete chain of alternate links of metal and 
masonry from top to bottom : the former inviting the 
lightning to the edifice, and the latter ofiering fa- 
cilities for the most destructive explosions. From 
this very arrangement of the materials in the steeples 
of Saint Michael’s and Saint Martin’s at Liverpool, 
and in the steeple of Brixton Church, have these 
three steeples been shattered by lightning. If such 
modes of building tall spires be indispensable to 
protect them from the power of the wind, conductors 
are quite as indispensable to protect them from lightning. 
Three copper rods at equal ^stances from one another, 
from the top of the spire to the ground, and united at the 
top, and by one or two bands below, would secure each 
spire from lightning on which ever side it approached. 

Lightning rods, however numerous about a building, 
should have a general metallic union ; they then form a 
system of conductors in which the force of the lightning 
would be divided, whichever branch was struck. I have 
a beautiful experiment to offer to your notice, iBustrative 
of this fimt 
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The apparatus represented by Fig. 84, consists of a 
series of iron-wire chains, so connected 
as to form a system of condnctors of 
many branches. The chains hang yer- 
tically from a horusontal brass wire, and 
their lower ends rest on a sheet of tin- 
foil. The brass wire first receives the 
fluid from a dischaife of the battery of 
jars, and the tinfoil carries it from the 
chains to the outside of the jar. The 
electric fluid, whilst traversing this cir- 
cuit, illuminates every chain in the sys- 
tem to the same extent, showing that it 
is equally divided amongst them ; and had there been 
ten ^ousand such channels it would have divided itself 
amongst the whole of them. This experiment shows 
two or more interesting facts. It proves that the iron 
scintillates at every link by an electric discharge through 
a chain of that metal ; and these scintillations discover to 
us that the fluid occupies, and passes through, every 
channel in the circuit ; and, as I shall prove more clearly 
by and bye, every metallic point in the chains throws 
off electric fluid into the air. 

It is now time that we proceeded with some of those 
popular experiments which have been established for the 
purpose of illustrating the beneficial effects of conductors, 
when struck by lightning, and an experiment with the 
thunder lipuse (an odd enough name), shall be the first 
on the list 

This long cele- 
brated piece of ap- 
paratus is repre- 
sented by Fig. 85, 
and consists of a 
model of the gable- 
end of a house, to 
which is attached 
a hghtning rod, 
whidi can be made 
contmuoiis or in- 
terrupted at pka- 



Fig. 84. 
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sure, by means of a square piece of wood which carries 
a portion of the rod being placed in certain positions in 
a hole which it fits in the gij>le-end. When in one po- 
sition its wire unites the other two portions of the light- 
ning rod, but when in another position it disunites 
them. Ilie lower extremity of the discharging rod is in 
connection with the outside of a Leyden jar, and over 
. the upper extremify hangs a brass ball in connection 
with me inside of the jar. When the lightning rod is 
complete, *and the machine turned till the jar charges 
sufficiently high to overcome the resistance between the 
two balls, a spontaneous discharge takes place, and the 
conductor protects the building ; but if the square piece 
be placed in its hole so as to make a breach in the con- 
ductor, the next discharge of the jar throws it out of its 
place to some distance on the table, which is considered 
as a representation of a displacement of masonry in a 
building struck by lightning. 

The electrical pyramid is another piece of apparatus 
for illustrating the efficacy of lightning rods, and of the 
danger to which such structures are exposed when not 
so protected. The plinth Fig. 86. 

on which the pyramid 
stands is fixed, and con- 
tains the important piece on 
which the fate of the edifice 
depends. Fig. 86 is a re- 
presentation ^ the appa- 
ratus in which the wire of 
the key-stone d is placed 
at right angles with the 
mne^ direction of the 
Hghtning rod c c, and con- 
sequently there is an inter- 
ruption at that place. The 
base of the pjrramid is 
fbmishid with three balk, 
as feet, by which if rests 
on the pKn t h , b p, one of the Imlk leaning <m the move- 
able piece. Over the apex of the pyrai^ is suspended 
a brass ball supported by a glass pliar* When w dis- 
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charge of a jar is transmitted to the pendent ball, the 
lightning strikes that on the top of the p^rramid, the brass 
rod of ^hich conducts it safely to the ball at the bottom, 
but finding an interruption there in the metal, it explodes 
to arrive at the lower portion, c f, of the conductor, and 
blows out the key*stone, which supported one side of the 
pyramid, and down it comes, and l^ing made of several 
loose pieces which scatter about the table its destruction 
seems complete. Had the wire of the key-stone been 
placed in a vertical position, it would htf^e joined 
the other parts, c c, of the lightning rod, and the damage 
would have been prevented. 

We have severd other striking experiments for the 
purpose of illustrating the effects of lightning, hut in all 
our models we are obliged to take advantage of good 
conductors, and give them such positions as may produce 


the intended effect. Fig 

Fig. 87 represents 
the model of a house ^ 
containing combus- 
tible materials, such 

as has already been I hh ■■■ nij 

shown will ignite by I 

an electric discharge, ■ HI Hi HB d 

and the result of 3ie o © — 

experiment with this H ||[|H jHH 

m^el will afford a I ^H 

good idef of the pro- ^H— — 'N. 

bable coxilequence of 3 

a flash of lightning striking a building that contains in- 
flammable articles. 


This model is made of tin plate to prevent its entire 
destruction by the experiment A glass tube passes 
through each of the two opposite sides of the model, 
which insulate two bran wires within toem. These 
wires have each a brass ball at their inner extremities, 
on one of which is placed some tow moistened with oil 
of turpentine. The shorter wire, t n, has a ring at its 
outer extrexmty, by whxdi and a chain it is connected 
with the outside of a Leyden jar. The other wire, a b, 
is bent upwards, and the ball a at its upper extremity 
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vin receiTe the diecharge from the inside of the jar. An 
explodon takes place within the building and ignites the 
tow and tuipentine, producing all the appearance of a 
destructive &re. 


The explosion of a powder magasine would be still 
more dreafUhl than the firing of a house containing other 
kinds of inflammable materials ; and as the Royal 
* Powder Magaaines at Purfleet have been struck by 
lightning even when several lightning rods were attached 
to them, but fortunately without explosion of their 
contents, no means that can be thought of for their 
protection ought to » oe 

be neglected. The 


model represented 
by Fig. 88, wiU 
now receive a dis- 
charge from a Ley- 
den jar, and the 
result will aflbrd 
pretty good idea 
of the effects of 
lightning should it 
enter a magazine of 
gunpowder. The 



electric fluid shall be discharged on the ball a, and 
conducted to the powder barrel at c, and the wire and 
chain s b, will conduct it to the outside of the jar. A 
wet stinng is also in the circuit. The powder barrel 
ex^odes, blows the roof off* the magazine, and levels the 
wails mth the floor. The various parts of the model 
m jointed together by hinges, and suffer but little by 
the exjdosion, so that the same model may be used 
several times. 


Marine lightning ^nductors, or those employed on 
board of ships, are simply chaim of copper, formed of 
lin^ similar to those of the surveying chain, and are 
hoisted to the masUbead when tibere is an appearance of 
^itnhig striking the ship. But the lightning has 
irequpitly struck ships before the chain could be got up : 
blowing the nropiiety of having a permanently attached 
sonductor, which would always be ready to receive and 



carry off the flash. Such fixed conductors have been 
proposed, and some are now on trial in the nary : but 
singular enough, these conductors instead of carrying 
the lightning overboard, would lead it into the body of 
the ship, and should they ever happen to be struck with 
a powerful stroke of lightning, the consequences might 
be terrible indeed. 

The idea of carrying a conductor through the body of • 
the ship originated with Mr. Benjamin Cook, of Bir- 
minghra, about the year 1811, but it has been carried 
out by Mr. Harris, of Plymouth. Mr. H. has formed 
the conductors into strips of copper, which are inserted 
in grooves in the after side of the masts, from top to 
bottom, and through the keelson to the sea. In one of 
the smaller men of war, Mr. H. carried his mizzen 
conductor through the powder magazine ! ! ! The evils 
attending these conductors, arise, principally, from 
lateral exflosiaM^ and el^tro-magnetic influence. I 
have already illustrated the magnetic effects of electric 
discharges on a miniature scale, and from these we can 
form a good idea of the magnetizing influence of a flash 
of lightning passing through a conductor. 

Imagine a chronometer to be placed near to a con- 
ductor carrying a heavy flash of lightning : the main 
and pendulum springs, the chun, arbours, and in fact 
every morsel of steel, would be rendered permanently 
ma^etic, and consequently the machine rendered 
entirely meless ; and the same fate would attend every 
chronometer and watch within the sphere of the electro- 
magnetic influence, which, in such cases, would be 
very extensive, and on every side of the conductor. 

The lateral discharges are of three kinds, which I have 
distinguished 1st, 2nd, and 3rd, one of which I have 
ahreacfy shown you, by the spreading abroad the grains 
of gunpowder, see^ &c., and by &e breaking of ^asa 
and otto hard substances. These are the first kind, and 
take i^ace at every interruptbn in the circuit. 

The second kind of lateral discharge, specimena of 
which 1 shall now offer to your notice, occurs in the 
most per^ conducting circuit, unless the conductor be 
perfecdy free from asperities, sharp edges, angles, &c. 



I shall endeaTOur to Olnstrate this kind of lateral dis- 
charge by a few decisive experiments. 

A thick copper wire, bent at various places into angles, 
is suspended m the room, and I transmit a discharge 
of the battery, &om a high intensity, through this wire. 
The ro(»n l^ing darkened, the dis^arge takes place ; 
and you will have observed that at every angle in the 
^ wire a brush of electric light sprang into the air. 

I will now make a new circuit for the next discharge 
of the bat&ry to traverse. In this circuit 1 place a strip 
of sheet copper about a foot long, in imitation of the 
copper conductors in masts. On making the discharge, 
both edges of the copper, from top to bottom, throw 
out fringes of electric fluid ; which is a clear proof that 
in every discharge of lightning on to such conductors, 
an immense portion would issue from their edges, from 
the highest point of the mast to the step in the hold of 
the vessel Of the consequences of such lateral discharges 
in the hold of a ship I must leave others to judge. 

The third kind of lateral discharge takes place even 
from the best polished conductors under certain cir- 
cumstances, and arises from the polarizing influence of 
the electric fluid whilst in motion. I cannot illustrate 
this kind of lateral discharge better than by two metallic 
rods, one of which shall receive miniature flashes of 
lightning from the prime conductor, and the other shall 
be placed near to the former. To insure the best con- 
ducting channel for the rod which receives the fluid 
from £e prime conductor, 1 connect it by copper wire 
with the rubber of the machine, and also with the gas 
pipes which lead to the m works. The other brass 
rod is in connection wiu the table, but has not the 
omrtanity of carrying away the fluid which the other 
rod possesses. 

The arrangement is repre- 
seated by Fig. 89, In which the 
vertical rod receives the sparks 
from the prime cdhdnctor, and 
simaltaneouB lateral sparia are 
seen between the vertical rod 
and the vicinal end of the 
other. If, instead of sparks 
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from the prime conduetor, 1 diecharge a jar dovrtt 
the vertical rod, the lateral dischaxi^ is seen as before. 
If I insulate the horizontal rod, and place another near 
to its remote extremity, lateral discharges takes place 
between these two simnltaneonsly with the* other. 
These effects are truly in miniature, but beautifully 
illustrative of those which happen from the discharge of 
lightning on a conductor situated near to other conduct- ^ 
ing bodies. But it is not requisite to watch a 
lightning conductor till it is struck by the^ primitive 
discharge from a cloud to convince us of the danger 
attending this class of lateral explosions ; since an at- 
mospheric electric wave, producd either by a distant 
daidi of lightning, or by the transit of a higUy charged 
cloud, not only satisfies the curiosity on this point, but 
demonstrates the fact in the most ample manner. Many 
are the instances of this that I have witnessed whilst 
experimenting with an elevated kite. 

For the purpose of contemplating lateral discharges 
on such occasions, 1 insert a stout brass rod deep in the 
ground, and bend its upper part so as to lean towards 
the reservoir Fig. 79, which receives dense sparks, and 
corresponding lateral discharges take place between 
that lightning rod and other vicinal conducting bodies, 
as in &e experiment already passed through. 

But the most splendid series of experiments in illus- 
tration of electric waves, and of the lateral explosion 
at the same time, were made by Mr. Weekes, of Sand- 
wich, on the 19^ of May, 1841. This indefatigable 
philosopher has a stout copper wire suspended between 
the steles of two churches, over a part of the town of 
Sandwiw, and firom this wire another descends to his 
laboratory, and ready to be attached to any piece of 
apparatus with which he is about to make experiments. 
In compliance with the rules which 1 have shown you 
for illustrating this kind of lateral explosion, Mr. Weekes 
arrayed his apparatus in the most suitable manner for 
obtaining brilliant results : which *Vere most amply 
displi^yed on the 19th of May last 

A blM^ dottd passed over the town, and flsiriies of 
lightning matt seen, but iu> direct discharge ever toudied 
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the epparatiu ; nevertheleas, ** a mighty torrent of denee 
sparln, to vMd as to daaile the eye of the obsemrer, 
attend^ by contemporaneous stunning reports, and 
fraught with an unusual intensity, rush from the ter- 
minus to the ball in communication with the earth/* 
though ** separated to a distance of three and thr^ 
quarter inches.** At the same identical moment ** a fhri- 
ous current of laieral sparks takes place between the 
wire and the leaden spout of the pump.*' Such is Mr. 
Weekes’s bwn description of the fint part of the electrical 
d rama. 

“ But now comes to be described the most resplendent 
feature of the scene before us ; the iron nail, serving to 
connect the pump machinery, suddenly exhibits the ap- 
pearance of a magnificent fire>work, the splendour of 
which is repeatedly enhanced as waves of electric fluid 
rush through the arrangement, in obedience to each suc^ 
cessive lightning flash from the storm cloud, and this 
sublime scene, with short intervals of lesser energy in the 
electric current, continues through the space of one hour 
and sixteen minutes. The combustion of the iron nail 
forcibly reminds me of the appearance which that metal 
exhibits when burnt in oxygen gas, or rather when 
brought under the influence of the oxy-hydrogen blow- 
pipe, though the phenomenon was accompanied by a 
deep red kind of light, which does not belong to either 
of toese comparisons.*’* 

The iron nail which deflagrated so splendidly was 
absolutely in the circuit, and that circuit completely 
metallic down to the bottom of the pump pipe in the 
well of water ; the phenomenon was, therefore, a lateral 
discharge of the same kind as that exhibited by the bent 
wire ai^ strip of sheet copper. The other lateral dis- 
charges which Mr. Weel^ observed were of the third 
kind. These he took from every part of the wire, pump, 
and other parts of the conducting circtdt, many of which 
were productive of powerful shocks. A young lady, 
who accidentally steff^ on the wire, received a lateral 
discharge which sent her ** reeling acrom thelaboratoiy.** 
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Such f)Eu;tB as were developed in this series of ezperi* 
ments, and many others on record, and especially ^ose 
of M. De Romas, made with an electric kite on the 7ih 
of June, 1758, in which immense torrents of the electric 
fluid streamed down the string though never struck by 
lightning,* are not only necessary to be borne in mind 
by every kite experimenter, but should ever be kept in 
view by projectors of lightning conductors. ^ 

The electro-magnetic action of lightning is also an es- 
sential consideration, especially on board of ship ; and if 
it were on no other account, this alone is of sufficient 
importance to discourage the idea of carrying a lightning 
conductor through the body of the vessel. 

Marine lightning conductors should always be so 
placed as to carry the lightning over-board, and not so 
as to entice it into the vessel. Hence it is (hat even the 
usual chain conductors, if got to the mast-head in time, 
are a greater protection to the vessel than any conductor 
that would lead the lightning into the hold. 

When Franklin had discovered that tall pointed rods 
would draw the electric fluid from the air during the 
transit of an electric cloud, he contrived an ingenious 
apparatus to give him warning when such clouds were 
passing over his dwelling. The indication given by this 
apparatus was a ringing of bells, upon the principles 
shown in a former lecture. 

Fig. 90 is a representation of 
Franklinlla atmospherical electric bell 
j^pparatuB. The outside frame re- 
presents a section of the roof and 
walls of the house, from the top of 
which rises a pointed rod, which is 
insulated by passing through a glass 
tube in the roof. On the floor are 
placed two small bells, one of which 
IS supported by a glass pillar and the 
other by a metal one. A wire con- 
nects the lightning rod with the in- 
sulated bell, and a small metallic ball, 
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suipended by a tOken thread, rings the beOs when the 
insulated rod and bell become electrised by a wme 
which a passing cloud produces. 

If we place this model at the distance of a fbot firom 
tlm pihne conductor, and put the machine into motion, 
you wiU find that the bells begin ringing by the fiuid 
drawn firom the air by the pointed rod ; which gives a 
• good idea of the indications afforded by Franklin's appa- 
ratus whei^ an electric cloud passed over his house. 

When lightning happens at a great distance firom the 
observer, its efiects are seen in the horison amongst the 
clouds a^ vapour that are hovering in the atmo^here ; 
it is then called sheet Ugktning^ and by many persons 
considered to be of a different kind to that in which the 
electric fluid is absolutely seen darting through its zigzag 
path, and attended with loud thunder. This prevrient 
error may easily be iUustrated by a very beautifbl expe- 
riment which I will offer to your notice. 

I place on the electrical stool three pieces of tinfoil in 
the same rig!' t line, leaving an opening between the ends 
of the middle strip and those of the other two. Over 
each opening 1 place a large decanter about half filled 
with water, to represent the clouds iUuminated by the 
discharge of lightning. Having charged a large jar, 
and connected its outside with one of the outer strips of 
tinfoil, I apply the discharging rod to the other extreme 
strip and the ball of the jar. The discharge takes place 
through the intervals beneath the decanters, and these 
vessels, with their contents, are highly illuminated. In 
this experiment 1 take the precaution to screen the 
electric fluid from the spectators, so that nothing but its 
effects are seen in the decanters and water. This is an 
ex|^riment beautifiiUy illustrative of sheet lightning, 
which is merely the effect of a distant storm. 
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LECTURE XIL 

Ih a former leetore, I bam stated that the reautance 
of atmospheric air is much abated, whenhighty attenuated, 
and now I will solicit your attention to a few illustrations 
of that fact, and to some interesting phenomena which 
will attend them. 

The instrument re- 
presented by Fig. 91 
is called the luminous 
conductor, because of 
its beautifully illumi- 
nated interior during 
its electrication. This 
apparatus consists of a 
glass cylinder, about 
three feet in length and 
five or six inches in diameter, terminated at both extre- 
mities with hollow brass hemispheres : a point at one end 
for collecting the electric fluid, and a b^ at the other 
end, from which sparks are taken. 

The hemispheres screw on to brass caps, which Teceive, 
and are cemented air tight upon, the ends of the glass 
cylinder. A metallic point projects inside from the 
centre of one cap, and a ball projects inside from the 
centre of the other ; so that when the hemispheres are 
properly placed, as in the figure, two points are con- 
nected^ one of them, and two balls to the other. When 
the hemisphere carrying the ball is removed, the cap 
beneath exposes a stout brass pipe, tapped and furnished 
with a valve, for the purpose of being screwed to an air 
pump, and the air within the glass cylinder attenuated 
to the highest pou^le degree : which done, the hemi- 
sphere is replaced, and the apparatus, thus pr^tared for 
experiment, is laid on the two crutches whi^ aarmount 
the glass pOlars, as seen in the figu,^. 

If we now present the point of the luminous con- 
ductor to the prime conductor, it dravra off the fluid 
and conve^l it to the attenuate air inside die glass ; 
and the air being now a tolerable good conductor, 


Fig. 91. 
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coiiTeyt it onward to tlm remote brass cap, from 
the ball of whidi it maj be zeceived in sparks 
or otherwise as decidedly as from the prime eoi^uo* 
tor iteeir. But the bewty of eicperiments with this 
apparatus consists in the variegated light which dUs the 
glass ojlinder, and shows at first view, that the deetrio 
fluid expands when permitted, and occupies every part 
of the conducting me^Qum. When the remote extrej^ty 
*of the luminous conductor is connected with the floor 
we behold % steady purple-tinged cylinder of the electric 
fluid ; but if the fluid be taken away in sparks, a momen- 
tary darkness succeeds each, causing the light within the 
conductor to quiver in correspondence with the sparks. 
A similar agitation of the light is occasioned by remov- 
ing the exterior metal point, and permitting sparks to 
pass between the two conductors. Experiments with 
the luminous conductor are amongst the most interesting 
in electricity, especially when exhibited in a well darkened 
room, and with a powerful machine in action. 

When the air within a vessel is not too much attenu- 
ated, the electric fluid is divided into a crowd of quiver- 
ing streamlets, intersecting one another in a capricious 
and mopt astonishing manner, producing an evervarying 
fantastic reticulation of electric light throughout the 
whole vessel 

The beautiful variegations exhibited within the lumin^ 
ous conductor are usually resorted to as illustrative of 
the electric origin of the aurora borealis^ or northern 
lights. This natural phenomenon does certainly, on some 
occasions, put on precisely the appearance as that seen 
within the luminous conductor, and its being displayed 
in the higher regions of the atmosphere, where the air 
is much attenuated, is strictly analogous to the conditions 
of the experiment; and although there are frequent 
disfdays of auroral phenomena which have not yet been 
imita^ by electriciEd experiments, there can be little 
doubt of the whole of them emanating from an electric 
source. * 

In the space intervening the region of the aurora 
borealis and that of lightning, is an(^r beautiflil elec- 
trical meteor called the iSriling star. This phenomenon 
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we also imitate hy a beaadfol electric experiment. For 
this purpose I em|^oy a tall glass tube, represented by 
No. 1, Fig. 92. It is fomiiS^ with balls, points, and 
a valve in precisely the same manner as the luminous 
conductor, but the air within the glass tube is not so 
highly ratified. 1 now charge the battery to the highest 
intensity that I think it stand ; and having the 
lower brass cap of the apparatus in good metallic con>. 
nection with the outside coating, 1 make a sudden 
connection between the ball on the top and the inside of 
the battery, and the discharge takes place through the 
four feet of attenuated air, the fluid traversing it in a 
compact mass highly imitative of the meteoric star. 
When the room is darkened this is an exceedingly beauti- 
ful experiment, and gives an opportunity for the eye to 
follow the electric ball from the top to the bottom of the 


Fig. 92. 


tube. 

Since attenuated air is a good conductor, it may be 
employed as a coating to glass, in the place of tinfoil. 
This fact was first shown by the Abb6 NoUet, who 
charged a bottle without any metallic lining, and on dis- 
charging it witli his hand received a more violent shock 
than he had been led to expect. The instrument now 
employed to show this fact, is a 
Florence flask, havmg its neck 
enclosed in a perforated brass 
cap, flimished with a valve, and 
t^»ped for the application of the 
air pump. A p^ted wire pro- 
jects inwards from the metal c^, 
and a hoUow spherical ball ter- 
minates the cap exterioxty. A 
small portkm of the bulb of the 
flaak is covered with tinfoil, but 
none within. A r^fuesentation 
of this apparatus is seen at No. 

9,i%. 92. 

On presenting the ball of the 
exhausted flask to the prime con- 
ductor, whilst holding the coated of the gkas in the 
hand, a beautifrd pu^ bmah of light is teen to hsue 
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(fom the metal point, and spread its^oveir that part of 
the interior of glam whm enter turfime it coated 
with metal. If the charge geta two high for the fladt to 
retain, the fluid will eit^r flow orer the top, fVom the 
edge ^ the cap to the metal coating, or it will spring 
through the solid glass, which it peiforates, and thus 
renders the apparatus uselma. If when the charge is 
high the hand be brou^t to the hall, a shock, even more 
vi^ent than fVom an o^inary jar of the same magnitude, 
will be eiperienced. A residuary charge however is still 
left behind, which requires many contacts to dismiss 
entirely ; and as each partial discharge is attended with 
a display of feeble purple light, the flaak exhibits a series 
of beautiful flashes in a darkened room for a long time 
after the first discharge. 93 . 

If, instead of the partially coated flask 
used in the last experiments, we were to 
employ a glass receiver, on the transfer 
plate of an air-pump as represented by Fig. 

93, you will see the electric fluid shooting 
downwards through the attenuated air in a 
beautifiil divergent brush of light, from 
the wire that passes through the cover 
to the metallic pump-plate : and in this 
case the fluid is conveyed away without 
charging the glass. But if I touch the 
side of the glass with my Angers, they 
become so many patches of coating, and 
the electric fluid bends towards them in in the most 



fknctfnl manner, and 
chargee the opposite 
surfisee of the glass. 
By changing the posi- 
tion of my Angers I 
can lead the electric 
fluid to any part of the 
dM that I please. 
T%Jt is a beaut^^x- 
periment when the 
room is daritened, and 
is strictly oonfon^le 
to the doctrine of the 
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Leyden jar, already illustrated. Fig. 94, will give some 
idea of the bending of the fluid towarids the Angers. 

By varying the density of the air in long glass tubes, 
we And that its resistance to electric transmission in- 
creases with its density, and consequently becomes a 
better conductor in proportion to its rarity : the pro- 
bability therefore is, that vacuous space oflers no resis- 
tance whatever, and thus becomes the best of all con- 
ductors. 

Since we have shown, in a former lecture, " that the 
conducting metals constituting the coatings of a Leyden 
jar, retain but a small fraction of the charge, it is but 
natural to ask what are their uses? They are in- 
dispensable both in the charging and discharging pro- 
cess. In the former process, one of the coatings 
recives the fluid at a mere point only, but by its con- 
ducting character it is enabled to distribute every spark 
over the glass surface which it covers ; whilst the opposite 
coating allows of the departure of the fluid from the 
other surface. In the discharging process they perform 
the reverse functions, and allow of a sudden discharge 
from the electro-positive to the electro-negative surfaces. 
Independently of these appendages the charge could 
never be equ^ly distribute, nor could a discharge be 
sudden and complete. 

The doctrine of electric atmospheres is a subject of 
great interest, and is interwoven with the display of 
every electrical phenomena. It is a subject that re- 
quires much force of reasoning for its clear and satis- 
factory demonstration, and extensive series of experi- 
ments for its complete illus^vtion. We must, however, 
on this occasion, content ourselves with a brief illustratimi 
of this beautiAil doctrine. 

It appears that Otto Quericke, Burgomaster of Mag- 
deburg, about the year 1670, was the first philoao- 
pher who noticed electric atmoi^heres, and their eflects 
on bodies immersed in them : but the late Lord Staidu^, 
about 1778, seems to have studied ^e doctrine to a 
much greater extent. It is supposed by this noMembn 
that all bodies in an electric condition rieetriae the air 
around them to a considmlde extent, and this sle^iised 
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air it the atmotphere in qnaition. Stanhepe*t two 
grand propodtlona in this (kebine are at fbUowt. 

** If a body he eomltee, and if it be torrounded by 
•if, that ekctrided body will deposit upon all the paro 
tidM of that air which shall come snecessively into contact 
with it a proportional part of its tuperabundani eleotrioity, 
by which means the air surrounding that body will 
become ponHtelp electrified : that is to my, it will form 
around that poiitipe body an electrical atmotphere which 
win likewise be positive. 

**lf, on the contrary, the body be negative, each 
particle of air that shall come into contact with it wUl 
deposit thereon a certain part of its natural share of 
electricity, by which means the circumambient otr will 
become negative : that is to say, it will form a neya- 
tive atmosphere around the body which is negatively 
electrified." 

Beccaria, the famous Italian electrician, who studied 
the doctrine of electric atmospheres with perhap greater 
care than any other philosopher, institutea a most 
beautiful experiment, by means of which an electric 
atmosphere is rendered perfectly visible. Fig. 95. 

1 will endeavour to repeat this grand 
doctrinal experiment by means of the 
apparatus represented by Fig. 95. The 
apparatus consists of a glass receiver with 
a brass cap and an air-tight sliding wire : 
and a transfer plate of an air-pump. 

The sliding wire is furnished with a 
ball at each end, and another short 
wire which rises from the pump plate 
is also surmounted by a brass ball. 

Having attenuated the air within the 
receiver, 1 remove it from the pump, 
screw on to the lower end of the pipe 
its wooden foot, and place the whole on 
an insulating stand. 1 now connect the upper wire witli 
the prime conductor and uninsulate the transfer plate 
with its ascending stem and boll. The machine l^ing 
in good order la now brought into play. No sparlm 
are allowed to play between the two balls in the receiver. 
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but ^leir polarization is perfect alid conaplete, and the 
accumiilat^ fluid on th^ lower side of the upper ball 
is distinctly seen aa0 luminous electric atmosphere, 
covering about half of the ball. This phenomenon is 
represented in the flgure by the dotted atmosphere round 
the lower half of the ball. 

I will now invert the order of arrangement by insu- 
lating the lower ball and connecting it with the prime 
conductor, and the upper ball of the apparatus 1 touch 
with my Anger. Under these circumstances the'luminous 
atmosphere appears on the upper side of the lower ball, 
and none on the upper bidl ; and by reversing the 
arrangements a few times we dbcover that that ball 
alone which is connected with the prime conductor, 
displays the luminous electric atmosphere. 

If now, whilst the lower ball is in connection with 
the prime conductor, and the machine in action, 1 press 
down the sliding wire gradually, the luminous atmos- 
phere on the lower ball expands upwards, gradually 
forms into a round-topped cone, and at last discharges 
itself in a dense spark to the upper ball.* 

What a fund of intelligence is opened to our view by 
the display of these beautiful phenomena ! An electric 
atmosphere is here exposed to our view, and no longer 
exists in the imagination alone ; and as this phenomenon 
appears at the positive ball alone, it is one of the 
principal supports of the doctrine of a single electric 
fluid. It proves, also, that the electric fluid is self 
luminoms Y and the last phenomena exhibited by the 
experiment show that polarisation precedes discharge. 

We have no experiment, that I am aware of, that 
would fkvour the theoreticid views of Lord Stanhope on 
this subject, unless under circumstances in which the 
charge of a Imdy could be thrown off into the atmosphere : 
or, according to his second proposition, where the electric 
fluid eonld enter the negative body. When the bodies 
are rounded and well polished, they neither receive nor 

* This last vaiiatioa of the eaperimeat, I believe, is oifile 
novel. 1 have aluo shown that the Inminom eleetro^niHiere 
can bo prodnce d independentiv of attennated air. See Anaala 
of Eleetrtelly, vol. U, p. 41S. 
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ddher ibe llnid easily fnm, and to, the atmoipheric 
air : and the polariaation of such bodies must be very 
hi^ before a discharge could be^ocmnplished ftom one 
to the other through a thick of dense air, and 
especially when the vicinal surfaces are but little convex, 
Hence it is, that in the electro-polarisations already 
shown in an early lecture, no discharge took place from 
the positive disturbing body to the vkunsl negadve 
surface of the polarised body, excepting in those cases 
where pointed wires were employ^ and an unifor|p 
current transmitted. 

The luminous electro^sphere of Boccaria, affords no 
idea of the electric matter being thrown into the sur- 
rounding air ; but, on the contrary, would lead to the 
belief that the accumulated electric fluid repels the air 
with its contained electric particles, towards the opposite 
ball, and not being able to enter its smooth surface, 
ren^rs its vicinal side negative by a secondary polarisa- 
tion : the polarisation of the intermediate air being the 
primary. This view is supported by the fact that when 
the polarised body has points or sharp edges at its 
remotest side from the polarising body, that its own 
electric fluid can be driven out of it by tlio repulsive 
acUon on the opposite side : but no fluid enters from 
the neighbouring air to make up the deficiency ; conse- 
quently we find the body negative when tlie disturbing 
positive body is withdrawn. 

Beccaria, the illustrious Italian philosopher who dis- 
covered the luminous electrosphere shown in the last 
experiment, also devised another experiment, by means 
of which I shidl be enabled to convince you of the resis- 
tance which the electric fluid meets with on its approach 
to smooth convex or flat metallic surfaces. 

The apparatus for illustrating this interesting fact 
is that tts^ in the last er^riment, with the addition of 
a Leyden jar. The air in the receiver being attenuated 
higher than before, and the jar charged to a low degree of 
intensity, I discharge it through the receiver, and you will 
obaerve a narrow cylinder of light between the two balls, 
which spreads over the upper surfoce of the lower ball 
for a perceptible time bel^ it disappears. The jar is 
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next charged to a Httle hi^er intenaity than before, and 
when discharged, the cylinder of light is of greater 
dimensions than by the first discharge, and a much 
greater portion of the lower ball is corered with the 
electric light than before. 

In the preceding experiments the air within the re- 
ceiver was not highly attenuated, nor the machine in 
fiill ^tion ; but if the attenuation be carried on till the 
air-pump ceases to act on the remaining air, and the ma- 
chine hfought into full play, a stream of purple electric 
Ifght firils upon the surface of the lower ball, which it does 
not enter but breaks upon and runs over it and the 
stem to the pump plate in a beautiful cascade. 

To enhance the beauty of the experiment, I will next 
use three of the battery jars. When these are charged 
pretty high I transmit their contents through the re- 
ceiver, and now, instead of a partial co- 
vering of the lower ball, the whole of its 
surface and that of its stem of sup- 
port are completely enveloved in a 
luminous electrical cloud of some dura- 
tion, which seems to find more difficulty 
in entering the polished surface of the 
ball, than flowing over it through the 
attenuated circumambient medium to 
the asperous surface of the pump plate 
which it enters, and then disappears. 

The apparatus, with the enveloping 
cloud on ahe lower ball, is represented 
by Fig. 96. 

If instead of a Leyden jar we were to connect the 
sliding wire with the prime conductor, the stream of 
electric fluid between the two balls and the luminous 
cloud on the top of the lower b^ might be continued 
for any length of time we pleasi^ ; but the light is very 
fidlK^ and can only be seen by dose observers. 

Another experiment establishfi^ by fieccaria, shows the 
direction of the fluid through the attenuated air, and 
forms a beautiful cascade. On the lower plate is placed 
a lufllow hemisphere of glass, as represented by Fig. 
97, anddiebaUisreinovedfiromtheloiwendc^t^slid- 
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ing rod, which is again connected with 
the prime conductor. On bringing the 
mac^ne into action, a stream of 
li^t flows from the lower extremity 
of the sliding wire and faUs on the top 
of the hem^phere, which it partially 
illuminates, and in a short time the 
stream trickles over one side of the he> 
misphere to the pnmp plate, as shown 
in the figure. The direction of the 
electric stream is decisively ..shown 
and well defined, which glvaa a 
a peculiar interest to the j^enome- 
non. The cascade, howeveipbes not 
continue constantly on the same side of the hemisphere, 
but removes from place to place, which gives it a more 
lively and pleasing appearance. 

The direction (S jdie electric discharge is demonstrated 
by several other ei^riments, one or two of which I will 
now proceed with. 1 place two sticks of sealing-wax 
close together, lUerally, on the table of the universal 
discharger. Fig. 56, pagovii4^*^ifh as to form a clionnel 
at the juncture of their rounded edges : on this channel 
1 place a cork ball of about an inch in diameter. When 
the balls of the sliding wires are removed, I direct the 
points toward the ball, each being about three inches 
from it, and pointing towards its centre. One of the 
sliding wires is connected with the table, and the other 
with the prime conductor. On turning the machine 
gently the ball roUs along the groove from the positive 
to the negative wire. 

I now remove the sealing-wax and the cork ball, and 
place on the table of the universal discharger a lighted 
candle, the flame of whiph is about the height of the 
sliding wires when plac^ horizontaUy. The points of 
these wires are direct towards each other, liavmg the 
flame of the candle did^y between them. The ma- 
chine is put into motkm}i,,jind the flame yields to the 
poail||fe aura and bends towards the negative wire, now 
in cowction with the rubbers of the machine. If the 
flame of the candle be blown out, the smoke from t^ 
wick bends in the same direction. 
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Both the prime and the negatire conductors being 
insulated, 1 place the apparatus 
represented by Fig. 08 in con- 
nection with them by means of 
wires, one to each of ^e insulated 
horiaontal wires. Each of these 
wires carries a metallic hemispheri- 
cal cup, in which is placed a small 
piece of phosphorus, and between is 
a burning taper. 1 now put the ma- 
chine into motion, and in a short time you will obseiTe 
the phosphorus in the negatiTe cup inflame, but the other 
piece does not. 

These are some of the Experimental data which have 
been brought forward in favour of the doctrine of one 
electric fluid only. There are several other phenomena 
which tend to give support to that doctrine, but having 
selected those which appear most satisfactory, it would 
be needless to dwell longer on this part of the subject. 
It may be necessary, however, to observe that, although 
an electric current proceeded from the point of the posi- 
tive wire when operating on the cork bidl, flame, smoke, 
&c., there can be no doubt of the existence of a current 
of air also, which added to the mechanical action. 

When the back part of the hand* is presented to the 
point which throws out the aura, a cool and gentle blast is 
experienced ; and uninsulated bodies^ although attracted 
by presenting them to the side of the wire, are absolutely 
driven away from the point of it. If, for instance, I 
suspimd a light pith bail by a moistened hempen thread, 
helf^tween my Anger and thumb, and present it to any 
part of the prime conductor, or to the tide of the pointed 
vrire fixed into its remote end, the ball is forcibly drawn 
into dose ccmtact with the n^tal, where it will remain 
as long as the machine keeps in actum ; but if I present 
the ball to tbe projecting point of the wire it is driven 
off, and will not come near to U. 

The pith ball, in this case, may nfinresent a particle of 
air, which being first attract^ to the side of the srtre 
would travd^wards the point, in oonsequence the 
electria fiaroe being gxadni^ atrongw in tW directkm ; 




blit whf»i it anited at the pokt itself it wottM be 
off by a repulsite force, and multitudes of particles of 
air foUovriug its example, would produce a current of air 
from the point 

It appears singular, at first sight, to observe m^ative 
points which are rtcHvimg electric fluid from the sir, re* 
pel the uninsulated ball as decidedly as those positive 
^ points which throw the fluid off ; but the immediate 
cause is the same in both cases, for it can be shown that 
a current t>f air proceeds foom the negative point also. 
The air contiguous to the side of the wire is attracted 
more and more towards the negative point, where it de- 
posits iu electric fluid, and is afterwards driven off by suc- 
ceeding portions, which in their turns are driven off also : 
hence a continual wind b kept blowing from the nega- 
tive point Fig. Pig. 99 . 

99 will give some 

idea of the manner ( 

in which the elec- K \ 

trie fluid would 
rush out of a posi- I 
live point through 
the air to the negative wire. 

If instead of a metallic point we were to employ water 
within a capillary tube, that water would be thrown out 
in a divergent stream similar to the aura in the air. For 
this purpose we employ a small me- Fig* liW. 
tal bucket with a capillary tube in- 
serted in its bottom. When this 
bucket is partly filled with water 
small drops occasionally fail from 
the lower orifice of the tube ; but if 
it be hung on the prime conductor, 
as represented by Fig. 100 , and the 
machine be put in action, the water 
flows copiously in a divergent stream, 
as represented in the figm. When 
the room la darkenefi the divergent 
enmiit is slightly luminous. 

In a previous lecture, p. lit, I have promised to bring 
) of those otmirtvances whkh have been ia^ ^ 
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Tented for the pnrpose of meanmng the ^fi% of 
electric fluid conitituting the charge of Leyden jart. 

The only inttrument for this purpose that has gained 
any celebrity amongst wriiers on elec- Pig. 101. 
tricity, is called the unit jar : and as bQ 

we have one of these unit jars belonging If 

to 6ie Institution, I will describe its 
structure and point out its principles T Kv 

of action with some degree of minute- I i I 

ness. It is represented by Fig. 101. 

This celebrated instrument is formed T 
of a small cylindrical Leyden jar, sup- fc y 
ported in an inverted position on a q 

glass stem, well covered with lac-var- >-— ■ A 

nish, and fixed into a wooden foot, as 
seen in the figure. The inner coating 
of the jar is in metallic contact with a 
brass ball and wire D a ; another ball 
above the former is in contact with 
the outer Verting of the jar, by means 
of a metallic frame and sliding wire. 

The brass ball o, and wire b, are also connected with the 
outer coaling. The arrangement of this apparatus, is 
obviously the same as that of the medical jar, with an 
attached Lane's discharger. Fig. 73, page 172 ; for if 
the wire a n, be connected with the prime conductor, 
and the wire b with the ground, the charge will proceed 
till the resistance between the ball n, and that above it, 
in Fig»101, is overcome; which accomplished, the jar 
will discharge spontaneously ; and so long as this resis- 
tance is constant, and tlie outside surface uninsulated, 
similar quantities of fluid will cause corresponding 
discharges. Now as the spontaneous discharges take 


place between the two fixed balls, the striking distance 
is constant, and the discharge through that striking 
distance will depend upon the and not upon 

the quanHty of fluid in the unit jar. For convenience 
we win call this requisite iuUunty the ii a e l wry i ny 
intentity, which would be constantly the same if the 
striking distance presented a eonstmrt resistance, althongh 
the of fluid required for 
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might Tary conaidenbly, according to the facility af- 
forded for displaceinent of the fluid from ita outer 
aurfoce. 

If, for inatance, we have two jara, whoae figure and 
extent of coated surfaces were precisely the same, but 
the thid^neM of the glass considerably diflerent, that 
made of tlie thinner glass would require much more 
fluid than the thick one to arrive at any given intensity 
^of charge ; because of the Utter offering a greater resis- 
tance *to the disturbing force of tlie accumulated fluid 
within ; and if the resistance were augmented by any 
means whatever, the standard intensity would be arrived 
at by a still Usi quantity of electric fluid. Such are 
the considerations to be attended to in explaining the 
operations of the unit jar, Fig. 101. 

When this instrument is used with a view of measuring 
the quantity of electric fluid which charges another jar, 
in all cas^ much larger than itself, and which for con- 
venience we will call j, the wire o b is connected with ita 
inside, and the wire a d with tlie prime conductor. When 
the machine is put into motion, the unit Jar charges ; a 
portion of the fluid belonging to its outside being driven 
into the inner surface of j, which, consequently, to a 
certain extent, charges also by polarization. Now the 
quantity of fluid driven into the unit jar will depend 
upon the quanti^ driven into the jar j, and the quantity 
driven into j will depend on the thinness of its glass ; 
therefore, the first unit of fluid for the di$charging 
intenaity depends upon the substance of the glass of the 
jar J, and however thin that glass may be, the discharging 
iniensity will require less fluid in the unit jar than when 
ita coating was connected with the ground. 

We now suppose that the first discharge has taken 
place, and that nearly an unit of fluid is thus thrown into 
J (the whole could not be thrown in because of the 
imiial part of the discharge partially charging the outer 
surface in common with inside of j). The resistance 
of I againat the recej^on of fluid from the outside of the 
unit jar as now increased, and the Charging intensity 
win ^ aceom^iihed by a less quantity of fluid than at 
first : and this seecmd diaeharge of the unit jar throws a 
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still hit jE>ropottf(m of the Uminithed quantity into j than 
in the previoas discharge. And thus it is that each snc- 
ceeding charge requires less and less fluid for the du- 
chatging intentity^ and a corresponding disproportion 
enters the jar j. 

When the intensity of i becomes considerable, the 
imit jar will be nearly choaked up, and incapable of 
receiving any but a very trifling quantity of fluid ; and^ 
were the resistance of the striking distance not altered 
during this time, the discharges from the half n to that 
above it would take place as if no unit jar were there. 
This resistance, however, is increased, which requires a 
higher discharging intensity ^ and consequently somewhat 
more fluid than if no increase of resistance had taken 


place. But this increased Resistance in the striking 
distance is that which lessens the quantity discharged, 
which at high intensities of the jar j is very small indeed. 
The electrical sportsman is another piece of apparatus 


which operates upon Fig, los. 

the principles of ^ u 

Lane’s discharging 

electrometer. Fig. f X 

102 represents this % * 

apparatus, which con- CgIF V j 

sists of aLeydenjar, M/L ' 

a flock of birds, and 

the sportsman with / — y - y *■ ■ — 2 

his gun. From the / ^ 

insida uf the jar 
coeds a long 

brass wire, with a small wooden stage near its remote 
end. To the extremity of the wire four or five threads 
are tied, having artificial birds at their oflier ends, which 
rest on the stage. Another wire, terminated with a 
small ball, also rises a short heightflrom the inside of the 
jar. The outside of the jar is connected with the table 
and also with the gun, at the end of which isa small ball, 
wlddi is brought to wHhin striking*' distance of the ball 


of the jar. 

The inside of the jar bang connected widi the prime 
condnet OT , and the machine put into motion^ the diaige 
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proceeds, and at the same time the birds rise ami fly 
from one another by repulsion, until the inten- 

fi/y discharges the jar to the mussel of the piece, where 
a flash is seen, and the birds drop as if shot by the 
discharge. 

Whilst on the subject of electrised glass, 1 will offer to 
your notice a few curious experiments on flat glass 
plates. I will first operate with the flat glass disc, and the 
two metal discs represented by Fig. 51, page 109. I 
plaee th€ glass plates between the two metallic plates, and 
charge the upper side positively by uniting it with the 
prime conductor whilst the lower surface is uninsulated. 
Ihis done 1 remove the connections with the prime 
conductor and the table, and then discharge the glass 
plate by an application of the discharging rod. When 
the discharging rod has been remov^ I take up the 
upper metal plate by its glass handle, and by ajmlyiug 
it to my knuckle I receive a feeble spark* 1 now 
replace this plate on the glass, and with one hand I 
touch the other plate : on approaching the upper plate 
with the other hand I again experience a spark. I now 
lift up the upper plate by its glass handle and ex- 
perience another spark on presenting the knuckle, in 
precisely the same manner as with the olectrophorus. 
But what is very remarkable, the power of these sparks 
increases to a great extent, and again diminish, and so 
on for a long time together. 

I now employ two square glass plates, each of which 
is coated on one side only ; 1 place the naked surfaces 
upon one another, and press them dote together. This 
dm, one of the coatings is connected with the prime 
conductor, and the otW with the ground; put the 
machine in action, a charge takes place, and the two 
plates are held together by a great force. Indeed, it is 
difficult to separate them without fear of breaking one 
or both. Having accompUdied their separatkm, and ap- 
plied their surflices to the electroscope, I find both sides 
of one of the glass^^tes yoiiriec, and both sides of the 
other neffttthe, two plates when together h^ ob- 

vious^ <^»erated as om plate only. I now a^^ put 
themtog^her as befine, a^ by iqvp^ring thedisdMrging 
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rod to the two coatings a discharge takes place^ and the 
plates easily separate. 

1 charge the tw6 plates when again in dose contact, 
and on trial find they are held fast together. 1 now turn 
the negative side upwards, and connect it with the prime 
conductor, and a moment’s action of the machine neu- 
tralizes the electrization of the plates, and they are 
easily separated ; but if the action of the machine be 
continued too long, the plates become electrized the re- 
verse way, and are hdd together as before. ‘ ‘ 

This is an old experiment, first made known by the 
father Jesuits at Pekin to the academy at St. Peters* 
burg, in the year 1756. It was extensively investigated 
by Sir. Symmer in this country, and by M. Cigna and 
Father Beccaria in Italy, who were led to several other 
interesting experiments in consequence. 

To insure success, it is necessary that the glass plates 
have perfectly fiat surfaces, and by being square the 
corners of the one can be placed across the sides of the 
other, thus giving a better opportunity of separating 
them when charged. 

Mr. Symmer made a great number of experiments 
with black and white silk stockings, which, when one of 
each colour was worn on the same leg for half an hour, 
and both taken ofi* together without separating them, 
showed but feeble signs of electric action ; but on sepa- 
rating them afterwards, they were found to adhere togewer 
with great force, a crackling noise was heard and 
Sparks sasn all the time. V^en <^uite separated, and 
one held up in each hand, the repulsion in each stockitig 
was so powerfbl that it stood out in AiU shape as if the 
leg were in it. The attraction between the two stock- 
ings was powerfhl, and a spark was seen as they rushed 
together. When one stocking was in the other, a Ibree 
of fifteen pounds was required to separate them. The 
white sto^ng was always electro-positive. 

The experiments with the two glass plates leads to the 
explanation of another curious fact ^attending charged 
glm generally. When a j^ate of glass, coated on both 
sides, is diaq^ to a high intoasity, a^ then brought 
over the cap ^ an eleetioaoope, the gold leavea are but 
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little whicheTer surface be turned toirards the 

instrument, although several sparks have been thrown 
on the positive surface, each of which, if thrown on a 
metal surface of the same extent, would have affected 
the electroscope to a greater degree. The glass is in- 
tensely charged, but its accumulated fluid on the posi- 
tive i^e presses inwards to a much greater extent than 
outwards* because of the negative surface offering a 
less resistance than the pressure on the other side ; 
and tixe forces are principally engaged in the substance 
of the glass, there being but a small portion disen^ 
gaged to operate on external bodies. If, however, 
either of ffie coated surfaces be uninsulated for a 
moment, a portion of the previously engaged force is 
relieved, and the opposite side of the glass now affects 
the electroscope much more than before. This doctrine 
is beautifully illustrated by operating on an insulated 
Leyden jar, fUmished 
with a pith-ball electro- 
soope on each surface, as 
represented by Fig. 103. 

When the jar is charged, 
and removed from the 
prime conductor for a 
few moments, both pairs 
of balls diverge a little, 
but not much, for reasons 
already stated. I now 
touch the outer coating, and its balls immediately col- 
lapse, being uninsulat^ ; but the other pair of balls di- 
verge tb a g^at exteht, because my finger has supplied 
a eamXl portion of electric fluid to the outer surface, and 
relieved a corresponding quantity on the inner sui^e, 
which now being disengaged in the glass, springs to the 
balls which it repels. 

I now take away my finger from the outer surfhce, and 
place it on the bidl bebnging to the inner one. By 
this means I takef away the previously released fluid, and 
dao a little more ; and the balance en forces through the 
glass is again broken, and the negatMi balls diverge in 
quest of that portion last taken away from the inside. I 
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again change the position of mj finger, and the ontaide 
balls collapse, and the inside pair Sverge as at first ; 
then bj a series of contacts with mj fi^er, first with 
one coating and then with the other, I gradually dis- 
charge the jar. 

There are sereral other methods of discharging a 
jar gradually and sOently, but none more efiectuaDy 
than by a pointed wire. If, for instance, the ball were 
remoT^ from the stem of a jar it exposes a sharp point, 
and on this point being apphed to the prime cdndubtbr 
the charge is accomplished in the usual way : now remove 
the jar and place it on the table, and its charge 'will 
issue from the point into the air ; and in a Short time 
the jar will become perfectly neutral. When this 
experiment is made in a darken^ room, a beautiful pur- 
ple brush of light is seen issuing from the point, and 
by close attention the bruali appears largest and bi^htest 
at first, and gradually grows smaller and feebler tw the 
discharge is complete. When both sides of the charged 
jar are insulated, and each famished with a pointed 
wire, the star will be seen on the negative point during 
the whole time that the brush appears on the positive 
point. These are beautiful theoretical facta, though by 
no means adapted for the lecture^room. 

When the discharge of a jar is made in the usual way 
through a metallic circuit, the velocity of the fluid it 
too great to allow of measurement : or rather, perhaps, 
there are circumstaaces in the way which firustrate all 
attamptt4o ascertain its velocity. When, for instance, 
a diamarge is made on one end ^ a long metallic circuit, 
the entering fluid disturbs all that belbnging to the cbnduet- 
ing wire, a portion of wliiiq}> leaves the wire^at one end of 
the circuit at the time the Ww fluid from the jar enters the 
other end ; and this fact is, perhaps, the most ibnnidahle 
barrier amunst obtaining satiafrctory experimental retuHs. 
During lightning, however, the electrie fluid mav be 
triMd by the eye aa it traverses tl^ air throng kog 
striking Stances, and obviouily occn|^es an appreciable 
period time. 

I have a beauAil experiment to bring forward, whidh 
haa been often used aa an illustration of ^ great velod^ 



333 


the electric fluid whikt traversing metallic conductors, 
but for reasons already explained it is of no value in that 
capacity. 

1 have about fifty yards of iron wire chain suspended 
round the room by sflken cords, and through this chain 
I discharge the battery of jars from a hich intensity. 
The chain, you will have observed, was splendidly illu- 
minated throughout by brushes of scintillating fire, which 
sprang simultaneously from every link in the circuit. 

X6 of experiments of this kind are interesting, if 
it were on no ^er account than by their showing 
that a quantity of the electric fluid is thrown into the air 
from every#harp point in the circuit. The scintillating 
of the iron, however, adds much to the brilliancy of the 
display. 

I have already shown in Lecture IV, page 50, that 
bodies of difierent kinds have difierent degrees of 
susceptibility for receiving the electric fluid, when ex- 
posed to the natural electric pressure of the atmosphere, 
and that Volta’s plates of copper and zinc, Fig. 12, when 
brought into contact, occasion a new distribution of the 
ele^c fluid in the pair : the copper parting with some 
to the zinc ; and that when thus in contact the pair is 
electro-polar. 

The polar action of & single pair however, is exceed- 
ingly firable, and requires nice manipulation for its de- 
tection ; but if we employ a number of pairs of those 
metals, properly arrang^ in a group, we accumulate the 
power to a high degree of intensi^, suflicient even to 
prod|ice sparlu and charge glass. VHien thus arranged, 
they constitute an instrument called the dry electric 


eoUmn ; the 'principles of which I will now attempt to 
exptoi. ^ 

^en two pairs of metals, a and b, are placed in such 
a manner, wi2b respect to each other, that the positive 
snrflice of a dinectly opposite the negative surface of 
B, having only a thin film oi air between them, the pre- 
vtotti alectro-equilibriam of each pair will again 
disturbed ; forihe accumulated fluid on the inner posi- 


tive surfoce of a wiH polarize the thip film of air, and 
thiis causa it to exert a greater electric piessare on the 
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vicinal negative siurfoce of i tliaii that to whick it wm 
previously exposed : andiio eonesponding pressure taking 
place on the exterior or positive surface of this latter 
pair, its fluid will be urged in that direction, and conse- 
quendj the accumulation of the fluid on that surface of 
B will be increased. The disturbance of the fluid in a 
arises from the electric pressure on its inner or positive 
surface being diminished by the vicinal negative surface 
of B, without any corresponding diminution of pressu^ 
on its outer surface, the first effect of which is a 
ment of the fluid in a towards b. It therefore appears 
that the fluid, in both pairs, moves in one and the same 
direction, and that the ultimide result is a new equili- 
brium in the group, in which amore powerfbl electro-po- 
larity is estabUshed than can be displayed by either pair 
alone. 

It will now appear very obvious that if a third pair c, 
were to be added to a and b, the electro-polarity at the 
extremities of the series would become still greater than 
that displayed by a group of two pairs only ; and for 
the same reason, every additional pair would cause an 
increase of polarity in the series, which when extended 
to about one hundred pairs would be sitfficientiy power- 
ful to affect electroscopes and put light pendulous bodies 
into motion. 

The electro-polarixation of*bodies may be enhanced 
either^by augmen^g the disturbing force, or by lessen- 
ing the resistance ^ the surrounding mourns. The 
latter circumstance is usually resorted to in the con- 
struction Iff the eleetrio cdunm, in which discs <ff dry 
paper, instead of fllmi of air, form the intermediate 
substance betwemk the metallic i 

M. Marechaux was tho first f^opsoher who emdoyed 
paper in the dry electric cdumn. The metab In de 
Luc's oolums were discs " (ff thin nine, and of Dnidi 
gflt papm* of about an indi diameter ; gilt side of the 

bring in contact with the line in every fw* The 
votm was strung upem a silken thread, which pasted 
throu|^ the centre of the whole, and then jdaeed jn a 
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tube ftnvithed irith bran c«^ and hooka at its ex> 
tiMUties, as fepraeonted by Fig. 104. 

Fig. 104. 






it was found that the dry cdunm would retain ita aciicHi 
for severed yean, a dwt oxidation of the metals was the 
only explanation that could be given for the display of 
its electricity. This idea became so fa^onable even- 
tually, that it became the basis of the prevailing hypo- 
thesis which, to this day, is strongly contended for by 
certain philosophers now in controveny on this interest- 
ing topic. 

To those who have paid attention to the succession qf 
steps that 1 have hitherto taken in tracing the 
action from metal to metal in each individual pair, and 
also that action which is due to a series of pairs, as 
associated in the diy electric column, there can appear 
no reason whatever for calling into the hypothesis an 
oxididion of the metals; but, on the contrary, since 
purity of the metallic surfaces is essential to the develop- 
ment of those peculiar arrangements of the electric forces 
which I have described, and which form « the very aoiil 
of the dry electric column, and since the introduction 
of an oxidixing process would soon pollute those metallic 
surfaces, and ultimately d^troy every particle of their 
metallic character, nothing can appear more eyitoit in 
physical science, than that a perpetuity of electric actiom 
in the dry pile, depends upon a continuance of the purity 
(f the fnetal. 

The inference thus drawn foom the simple princi]^les 
of deotricity, is that which alone can direct the prameal 
electrician with certainty to the construction of a perma- 
nently aelpg electric ^umn. It is oonfomum with 
aU expetmoe, and, I believe, is now acted upon by 
thoee who mtie the best appan^us of this kind. Every 
care is inaulate the dements of the column from 

the i^ttKiiiqph«ric air, and from every kind of moisture ; 
which tfojects, when jof^rly accomplished, secure the 
permaiMmcy of the eleotric action. 

As t|ie wlude action of 4he cdnmn depends upon 
deottie pressures, any dumge in the external electric 
state hf ^ atnibsphere v^ necessarily afifect the 
actioii of Iho j^piratus. It is on this account that it 
beoslip iA TOc^of of atmospheric 

deotrisH prtismt which are abnost oontmuaUy going 
on ; aaf, as'these fluctuations are occasioned by chai^ 
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of tempentnre, knmidi^, evi^rstton, windfl* btroinetric 
pressum, cloii^ &c., and fluently by several of these 
causes at the same time, there can be no astonishment 
excited at M. De Lue*s fiulares in attempting to am>ly 
the electric column as a meteorological instrument. The 
.frequent changes in thb activity of Fig io6. 
this iqyparatos, &et noticed by that 
|ingeniou8 and indefatigable philoso* 
are exceedingly carious and 

,»llng. He attached to the 

upper pole of a vertical electric 
column, a bent wire, which reached 
downwards as low as the lowest pole, 
and terminated in a small brass ball. 

Between this ball and the lower pole 
of the column was suspended, by a 
silken fibre, a light gilt pith baU ; the 
whole being covered by a glass shade, 
as represented in Fig. 106. The 
pendulous ball vibrates between the 
lower pole of the column and the opposite ball, carrying 
the electric fluid from one to the other continually. 
When the atmosphere is highly char^ with the electric 
fluid the ball vibrates with great rapidity ; it also moves 
rapidly in a warm room, or any warm nnattenuated 
atmosphere, but languishes very materially in a moist 
atmo^ihera. 

• When two columns are arranged 
as in Fig. 107, having a bell attach 
to earii lower pole, the one positive 
and the other negative, thepe^ulons 
brass ball plays between them, and 
rings both bells; thus warning tbe 
observer when any material atmos- 
pheric electrical change is taking 
place. Apparatus of this Idnd have 
kept in play for upwards of twenty 
years, m are still a^ active as at 
first, and there can be no aatisfac- 
toij reaaon idiown why they abould 
ever oeaae to display their electric 
foma. 


Fig. 107. 
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The difference of electric action of bodiet when under 
the natural electric presanre, so beautifully illuatrated by 
Volta'a copper and zinc plates, and still more so by the 
dry electric column, is not limited to different of 
metal, for it is manifested on one and the same piece : 
nor is this difference confined to metallm bodies only. 
With respect to the metals, their natural ffSetrical charac- 
ter has much dependence on their crystalline structure, 
and also on the compactness of their particles and poliak 
of their surfaces. On these delicate enquiricsn J 
have to treat somewhat extensively in my lectures on 
voltaic electricity, and I will close this course of lectures 
with a most beautiful experiment illustrative of the 
difference of the natural electric characters of non-con- 
ducting bodies, and also the difference between a post- 
tire and a negative electric action, on those bodies. 

For this purpose I employ a smooth cake of pitch, a 
Leyden jar, a small cylindrical tin* can with a glass 
handle, and a mixture of sulphur and red lead in a 
spring puff or bag. 

I first place the can upon the pitch cake, and when 
the jar is charged at the prime conductor, 1 present its 
ball to the can, to which it delivers a spark. This 
electric fluid immediately spreads over the can, and a 
portion is communicated to the surface of the pitch 
cake, which renders it eleotro-poaitive. 'Die can u 
now removed by its glass handle, nentnHaed by a 
touch with the fin^r, and set down on anothei 
part of the cake. I next electriie the jar by piacing 
its balTin omitact with the negative conductor, and 
then bring it into contact with the can. In this case 
the cin transfors a portion of its natural share od 
fluid hito tlm jar, and rims gives an opportuiri^ fm 
a small ponto to leave the auifiiee of the cake, and 
enter the rim of the can, Coneequen^, wfaeii 

the can ia md|wed, the place it left on the ii 
electho-negative. 

Thi^t^ cake, thus dil^ntly electrized cm two parti 
of its snriliee, is now placed in a vertical position, and 
whilst standing at some distance fititn it I project the pow- 
der firom the puff towards it, untfl 1 obsem the two elec- 
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trieed specks partly covered ; the positive speck with the 
and negative one with red lead : the two pow- 
ders being separated fh>m each other by the diffbrent elec- 
tric actions of the two parts of the pitch surface. Hence 
we learn, in the first place, that although these powders 
were intimately mixed with each other in the bag, they 
were absolutely in different electric conditions. 

I The figures which these powders assume on the sur- < 
l ^fce of th e pitch are truly beautifbl, and to the theoretical 
eteffiRan are of the most interesting character. Fig. 106 . 
will give some idea of these figures, but nothing short 
of real observation of the results of the experiment can 
convey to the mind, its true beauty and importance. Even 
to a superficial observer, the ramifications of the sulphur 
on every side of the electrical nucleus, is highly curious 
and pleasing ; whilst the watchful philosopher observes the 
particles of sulphur repelled on every side, and creeping 
outwards in multivious formed radial lines, which ex- 
pand the electro-stellate picture before hb eyes. In- 
wards, also, the particles of sulphur keep advancing, until 
the electro-positive forces on opposite sides of the centre 
balance one another, and then the inward advances 
cease, and a vacant central speck remains. 


Fig. 108 . 
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Turning the eye to the negative ring, it remujku the 
same from first to*last,*no motions of particAVme ob- 
served, nor has there been any of those ramiri shoots 
such as the sulphur displays. Such results are strictly 
in accordance with the theoretical principles in 
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view during the wuuie series of illustration in these 
lectures, ney not only demonstrate the different elec-*' 
trie actions of different bodies, but stamp the mind with I 
a conviction that the whole series of electrical phenomena \ 
are the consequent ^play of the inherent attributes of ^ 
a peculiarly active physical agent, perfectly distinct from^ 
all other kinds of terrestrial matter. 


TH^ END. 


r. oftAirt, nuitTtA, NARcnurm. 
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